STRUCTURE AND FUNCTIONING OF TERRESTRIAL ECOSYSTEMS IN THE EASTERN
RIVERS AND MOUNTAINS NETWORK: CONCEPTUAL MODELS AND VITAL SIGNS
MONITORING

James S. Rentch

Division of Forestry, West Virginia University, Morgantown, WV 26505-6125 jrentch2@wvu.edu

WPS Photo

September 2005

U.S. Department of the Interior
National Park Service

Eastern Rivers and Mountains Network
State College, PA


mailto:jrentch2@wvu.edu

TABLE OF CONTENTS

INTRODUCTION AND BACKGROUND

PURPOSE AND CONTENT OF THISIREPORT ...oiiiiiitttiiiiee e ettt e e s s siibrteee s s s s sesbabbeessesssasaaabssssesssessabbssseesssssssssasnnesns
VITAL SIGNSDEFINITION ...uvteeeiiuteieieiteeeeeiteeesessreeseeseeessseeesassaesssassesesasesesassessssssssessassssesassessssssssssssssesssassessssssenes
PHY SIOGRAPHIC AND ECOLOGICAL SCOPE ......ccctviiieeieeieeeteeeeestteeeeeseeessssesesasseesssassesesssesesasseesssssssssssssenesassesessnnes

NARRATIVE OF STRUCTURAL AND FUNCTIONAL RELATIONSHIP : A CONCEPTUAL MODEL

INTRODUCTION ...ciutteuteeuteeutesseesteesteesseaessaeesseesseasseansesssesseesseesseesaeassesssssaeesseanseanseanseassesseesseesaeeseeesesnsesneesseessennsenns
BACKGROUND: THE JENNY -CHAPIN MODEL .....coittiitieitieititeseee et et stesseesaeesseesaessseseesaeesseasseasseensesnsesssessnsssnns
GENERAL MODEL—ECOSYSTEM PROCESSES......cuciiiaitieitiaieseesieesieesieesseasseseesaeasseasseasesssesssessssssesssesssessssssesans
GENERAL MODEL—INTERACTIVE CONTROLS....ceutitttateeteruresseesueesseessesssesasssssssseasseasseansessessssssssssesssesssesssssnsesnns
REGIONAT CHIMALE ...t bbbt e b e b e be s b e sb e st e bt e s e e e e benbesbenes
Natural diStUrDANCE FEOIME .....uiiuiiieiieieite ettt e et e e et e s ee st e s tesae et e e e et e seesbesbesneeree e enbestesrenes
SOM RESOUICES ...ttt ettt ettt b e ekttt ekt b e et sb et e ke sb e ek e s b e st e ke nb e st et e s b e s e eb e et et et e abe st ebeebeneereabeneas
Functional Groups Of OFQANISIMS. .........ecuiieiiieieitiie e ste e se e et e ste e st e be s e ete s e e s e see st e stesbestestesseeseessesestesrenees
GENERAL MODEL—ADDING ANTHROPOGENIC STRESSORS.......cetttttsteeueeueessessessessessessessesssessessessessessessesessessenses
Changes in Landscape Pattern and Process: Habitat loss and fragmentation............ccocecevevevievcnniennnnn,
Changes in Landscape Pattern and Process: Urbanization and Suburbanization .............cccccocvvevvivivivennnne.
ClMAEE CRANGE.... ettt ettt b bbbt bbbt e b bt b e e b e e bt e bt e ekt e b et et e eb e e et e eb et ebeere e
AT and Water POHULION ........ooviii et ettt et e et e st e s be e s be e sbeeaeesaeesaeenbeenes
Air and Water Pollution: ACId DEPOSITION .......ccueiiuiriiiiiriecirte e
Air and Water POHULION: OZONE.........oiiiiiieiieieie ettt ettt e e e bbbt e e e eneeseesbesbe b
Air and Water Pollution: Point- and Non-point Source Pollutants and Contaminants............c.ccoceveererenene
INTrOAUCEU/INVASIVE SPECIES. ... . i titite ittt ettt sttt ettt e bbbt et e et e bt et e b e sbesbenbesbe et e et enbeneesbesbe e
AT e Tl T I =] OSSPSR

RECOMMENDED VITAL SIGNS FOR TERRESTRIAL ECOSYSTEMS

VITAL SIGN NARRATIVES

LITERATURE CITED

100




INTRODUCTION AND BACKGROUND
Purpose and Content of This Report

This report presents the conceptual ecological models describing the structure and function of
terrestrial ecosystems for park unitsin the Eastern Rivers and Mountains Network (ERMN, see
Table 1). These models have been developed to support the National Park Service's (NPS)
Inventory and Monitoring Program (I&M Program) in this region, and in particular, to
complement the identification of “vital signs’ that will be used in long-term monitoring of park
resources.

Table 1. List of parksin Eastern Rivers and Mountains (ERMN) network, with abbreviations.

ALPO Allegheny Portage Railroad National Historical Site
BLUE Bluestone National Scenic River

DEWA Delaware Water Gap National Recreational Area
FONE Fort Necessity National Battlefield

FRHI Friendship Hill National Historical Site

GARI Gauley River National Recreational Area

JOFL Johnstown Flood National Memorial

NERI New River Gorge National River

UPDE Upper Delaware Scenic & Recreationa River

The report starts with background information concerning vital signs, and the physiographic and
ecological scope of the report. Next, the purposes of conceptual models are discussed, and a
conceptual model and literature review are presented to characterize important functional
relationships among biotic and abiotic components of terrestrial ecosystems. We then
summarize the main anthropogenic stressors that have caused, or threaten to cause, changesin
the ecosystem integrity and sustainability, and conclude with alist of proposed vitals signs that
was prepared by Hicks, et al. (2005).

Vital Signs Definition

Park vital signs are selected physical, chemical, and biological elements and processes of park
ecosystems that represent the overall health or condition of the park, known or hypothesized
effects of stressors, or elements that have important human values. The elements and processes
that are monitored are a subset of the total suite of natural resources that park managers are
directed to preserve "unimpaired for future generations," including water, air, geological
resources, plants and animals, and the various ecological, biological, and physical processes that
act on those resources. Vital signs may occur at any level of organization including landscape,
community, population, organism, or genetic level, and may be compositional (referring to the
variety of elementsin the system), structural (referring to the organization or pattern of the
system), or functional (referring to ecological processes). For definitions, see National Park
Service, http://science.nature.nps.gov/im/monitor/vsm.htm.
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Goals of the I&M Vital Signs monitoring program:

Determine status and trends in selected indicators of the condition of park ecosystemsto
allow managers to make better-informed decisions and to work more effectively with

other agencies for the benefit of park resources.
Provide early warning of abnormal conditions of selected resources to help develop

effective mitigation measures and reduce costs of management.
Provide data to better understand the dynamic nature and condition of park ecosystems
and to provide reference points for comparisons with other altered environments.

Provide datato meet certain legal and Congressional mandates related to natural resource

protection and visitor enjoyment.
Provide a means of measuring progress towards performance goals.

Physiographic and Ecological Scope

The geographic and physiographic extent of this report extends from the Bluestone, New, and
Gauley River park complex in southern West Virginia, through the four historical parksin
southwestern and central Pennsylvania, to the two Delaware River parks in northeastern
Pennsylvania (Figure 1). The region is centered on the Appal achian Plateau Physiographic
Province (Fenneman 1938, WV GES, available at

http://www.wvgs.wvnet.edu/www/geol ogy/geol phyp.htm, and PA DCNR
http://dcnr.state.pa.us/topogeo/mapl13/mapl3aspx, Figure 2).
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Figure 1. Location map of member parks of Eastern Rivers and Mountains Network (ERMN)
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Figure 2. Physical Divisions of the United States, US Geologica Survey (Fenneman 1946).
Areas labeled 8a-e are the Appalachian Plateau Physiographic Province. Areaslabeled 6a-b are
the Ridge and Valley Province.

NERI, GARI, and BLUE (see Table 1 for abbreviations) occur in the Kanawha Section of the
Appalachian Plateau Physiographic Province, and FRHI islocated in the Pittsburgh Low Plateau
of the Kanawha Section. Here, rock formations are relatively flat, except for several distinct
folds and faults on the eastern side of the Province. Local relief on the uplandsis generally less
than 200 feet. Local relief between valley bottoms and upland surfaces may be as much as 600
feet. Valley sides are usually moderately steep except in the upper reaches of streams where the
side slopes are fairly gentle. Elevations range from 660 to 1,700 feet. Some of the land surface in
the southwestern part of the Section is very susceptible to landslides.

The oldest rocks are located in these eastern fold sequences and range in age from late
Ordovician up through the Mississippian. The majority of the Appalachian Plateau is comprised
of Pennsylvanian and Permian strata and is where all the minable coal islocated. The rocks
exposed in the northern part of the Plateau are younger than those exposed in the southern part
(WVGES, http://www.wvgs.wvnet.edu/www/geol ogy/geol phyp.htm). Stream originis primarily
fluvial eroision, and drainage patterns are dendritic. The continental climatic regime here
ensures a strong annual temperature cycle, with cold winters and warm summers. Average
annual temperatures range from 40 to 60F. There is year-round precipitation, averaging from 35
to 60 in. per year. Precipitation is markedly greater in the summer months, when
evapotranspiration is great and moisture demands are high. Only a small water deficit isincurred
in summer, whereas a large surplus normally developsin spring.
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The Allegheny Mountain Section lies aong the eastern boundary of the plateau, and the
Allegheny Front Section marks the boundary between the Appalachian Plateau Province to the
west and the Ridge and Valley Physiographic Province to the east. It consists of broad, rounded
ridges separated by broad valleys. The ridges decrease in elevation from south to north and the
ridges have no topographic expression at the most northern end of the section. The ridges occur
on the crests of anticlines that have been eroded enough to expose the very resistant rocks that
form the crests of the ridges. However, not enough erosion has occurred to breach the anticlines
and create parallél ridges such as occur in the Appalachian Mountain Section. These ridges form
the highest mountainsin Pennsylvania. The valleys are broad, undulating surfaces with shallow
to deep stream incision. Relief between the ridge crests and the adjacent valley lowland can be
greater than 1,000 feet. Local relief on the broad, valley lowland is generally less than 500 feet.
Elevations in the Section range from 775 to 3,213 feet.

DEWA and UPDE occur in the Glaciated Low Plateau Section of the Appalachian Physiographic
Province, which includes an area of diversified topography in northeastern Pennsylvania. The
topography consists of rounded hills and broad to narrow valleys all of which have been
modified by glacial erosion and deposition. Swamps and peat bogs are common in the eastern
part of the Section. The Section reflects the interplay between bedrock of various types, mainly
sandstones and siltstones, and glacial erosion and deposition. The more erosion-resistant rocks
form the hills, while the |less erosion-resistant rocks occur in the valleys. Glacial deposits, mainly
glacial till or sand and gravel, may occur anywhere, but are found mainly in the valley bottoms
and margins.

The climate is temperate, with distinct summer and winter, and all areas are subject to frost.
Average annual temperatures range from below 50F in the north to about 64F at the south end of
the highlands. The average length of the frost-free period is about 100 days in the northern
mountains, and about 220 days in the low southern parts of the Appalachian Highlands. Average
annual precipitation varies from 35 in. the valleysto up to 80 in. on the highest peaks—the
highest in the Eastern United States. Precipitation isfairly well distributed throughout the year.
Snowfall is more than 24 in. in Pennsylvania, increasing southward along the mountains.
Southfacing slopes are notably warmer and drier than northfacing slopes and one result is that
forest fires are more frequent on southfacing slopes.

The Nature Conservancy (TNC) has delineated five ecoregions that encompass the ERMN area
(Figure 3, TNC 2000a). Ecoregions are large units on the landscape; following are summary
descriptions of ecoregions as they apply to ERMN units. Note that the description of the
Western Allegheny Plateau, which includes FRHI, is not available, although this park lies on the
western edge of the Central Appalachians Ecoregion.



Figure 3. Ecoregions of the eastern United States. Ecoregion 50 = Cumberlands and Southern
Ridge and Valley, 49 = Western Allegheny Plateau, 59 = Central Appalachians, 60 = High
Allegheny Plateau, and 61 = Lower New England-Southern Piedmont (modified from TNC
2000a).

NERI and GARI al are included in the Cumberland Mountains subregion of the Cumberlands
and Southern Ridge and Valley Ecoregion (CSRV). The CSRV isahighly variable landscape
with acomplex geologic history. The Cumberland Mountains subregion is comprised of a high
plateau and low mountains, and landforms are the product of differential weathering of the
Pennsylvanian-Period sandstone (WV GES, available at
http://www.wvgs.wvnet.edu/www/geology/geoles01.htm). The climate of the region is
temperate and mild, with favorable growing conditions. The physical parameters of the region
are variable, however the general range of gradients has resulted in a multitude of habitats for
species and natural plant communities. Mgjor habitats range from broad river floodplainsto
small, ephemeral streams, high mountains to deep gorges, and dry barrens and to mesic forests
(TNC 2003). Smaller-scale habitats such as caves, cliffs, flatrock river scour communities, and
xeric, rimrock pine communities also contribute to habitat and species diversity (see Mahan
2004).

Ecologically, the ecoregion is known for high biological diversity, endemism, and species
rareness. Intheregion, the US Fish and Wildlife Service identified 248 species and sub-species
as as endanged, threatened, or candidates for listing. Over 544 conservation targets were
selected by TNC during development of its conservation plan for the region. Targets include 364
animal and plant species and 180 natural plant communities and ecological systems (TNC 2003).
The high level of rarity/diversity and conservation values can be attributed to a number of
factors. The region escaped glaciatiation, and the north-south orientation of the mountains and
valleys facilitated species retreat southward ahead of the ice sheets, and advance northward as
the ice sheets retreated (Del court and Delcourt 1987, 1998, Bonnicker 2000). Thisregion, and in
particular, the New River, became a migratory crossroads for northern and southern species.
Core (1966) and Strausbaugh and Core (1977) identified eight southern plant species that
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migrated north into West Virginia along the New Potomac Rivers. One of these (Halesia
carolina) occurs no further north than the NERI.

ALPO, FONE, and BLUE all occur in the Central Appalachian Forest Ecoregion. This ecoregion
includes the Blue Ridge Mountains, the Great Valley, and portions of the Allegheny Mountains
that stretch southwest to northeast. This assemblage provides unique and significant
contributions to biological diversity of eastern North America. It isacenter of endemism for
several biotic groups, including 12 vascular plants of shale barren communities, dozens of
species endemic to subterranean habitats, and a number of plants, invertebrates, salamanders, and
small mammals. It also includes clusters of significantly disunct species. Biodiversity ishigh
because the region was completely unglaciated, and the region contains some of the highest
environmental diversity in eastern North America. Annual precipitation ranges from 30 to 85
inches, much of which is snow. The region contains some of the highest summits in the east, and
the greatest amount of land higher than 2600 feet, outside the southern Blue Ridge. Thereis, as
well, substantial geologic variation including sedimentary shales, limestones, and sandstones,
and igneous basalt (TNC 2001). In the ecoregion conservation plan, TNC identified 74 plant, 30
vertebrate, and 110 invertebrate species for conservation within the region. In addition, 142
terrestrial and palustrine communities were al so targeted.

Parks along the Delaware River in eastern Pennsylvania are part of the Lower New England-
Northern Piedmont Ecoregion (DEWA), and the High Allegheny Plateau Ecoregion (DEWA and
UPDE). The High Allegheny Plateau Ecoregion has the highest percentage of natural cover
(86%) of any northeastern ecoregion except the Northern Appalachian Ecoregion. Forest cover
is primarily deciduous (52%) and mixed deciduous-coniferous (21%). Coniferous forest covers
only 6%, however a significant portion of hemlock (Tsuga canadensis) resources occursin this
ecoregion, particularly in riparian zones. All of the ecoregion isinfluenced by major rivers. The
upper drainages of the Delaware River originate within the region and drain the west and south
slopes of the Catskill Mountains. Much of the region has been glaciated, and features on the
landscape include end moraine, eskers, drumlins, kettleholes, and other fetures asocited with the
terminus of the ice sheet advance and deposits associated with glacial meltwater flow. One of
the main features of the ecoregion isits low population density, although major popul ation
centers are nearby. Region-wide, the overall population trend is decline, however severa areas,
particularly in the Poconos, have become centers of first- and second-home devel opment.

The climate of the ecoregion is characteristic of high elevation areas in the mid-Atlantic region:
hot, humid summers and cold winters with moderate snowfall. Also characteristic are periodic
droughts that occur principally in the summer months. These can have profound effects on
vegetation and aguatic systems, particularly when under additional biotic or abiotic stresses. The
dominant vegetation is beech-maple forests at lower elevation mesic sites, and Appalachian oak
on drier sites; Oak-hickory forests occupy many south-facing, dry slopes, and in the eastern part
of the region, pine barrens occur on rocky ridges. The TNC identified 109 vegetation types
(TNC 2004). Conservation targets for this ecoregion include 72 priority aquatic units, 253
natural community occurrences, 74 animals, and 88 plants.

The eastern edge of the UPDE also abuts the Lower New England Ecoregion. An Ecological
Land Use analysis of this region identified 486 biophysical combinations of a potential 630



combinations based on lithology, topography, and elevation (TNC 2000b). Absent field data,
this suggests considerable biologic diversity aswell. A number of endemic species occur here,
and the region’ slong north-south axis captures species and natural communities more
representive of the Northern Appalachian/Boreal ecoregions at higher elevations, and southern
species in the Piedmont. Primary conservation targets identified by TNC include eight
vertebrates, 57 invertebrates, and 42 plant species.

NARRATIVE OF STRUCTURAL AND FUNCTIONAL RELATIONSHIP : A CONCEPTUAL MODEL
Introduction

A conceptual model is a purposeful representation of reality that provides amental picture of
how something works to communicate that explanation to others. The conceptual ecological
model we present is avisual and/or narrative summary that summarizes the important
components of the ecosystem and the interactions among them. Models show how natural drivers
(e.0. climate) and anthropogenic stressors (e.g. climate change) affect ecosystem function and in
interpreting trends in these vital signs against the backdrop of their long-term natural variation.
Development of a conceptual model helps in understanding how the diverse components of a
monitoring program interact, and promotes integration and communication among scientists and
managers from different disciplines. Useful conceptual models therefore do all or most of the
following:

Articulate important processes and variables

Contribute to understanding interactions between ecosystem processes and dynamics
Identify key links between drivers, stressors, and system responses

Facilitate selection and justification of monitoring variables

Facilitate evaluation of data from the monitoring program

Facilitate communication of processes among scientists and program staff, between
scientists and managers, and with the general public

Background: the Jenny-Chapin Model

Jenny (1941, 1980) and Chapin et a. (1996) proposed that a sustainable ecosystem is one that,
over the normal cycle of disturbance events (i.e,. decades to centuries), maintains its
characteristic diversity of major functional groups, productivity, soil fertility, and rates of
biogeochemical cycling (Chapin et al. 1996). Ecosystem properties are governed by internal
interactions and external factors. Five independent external state factors (parent material,
climate, topography, potential biota, and time since disturbance) determine limits of ecosystem
processes. These state factors are, in turn, modified by a set of four dynamic, interactive
controls: local/regional climate, soil resource supply, major functional groups of organisms, and
disturbance regime (see Figure 4). In contrast to state factors, interactive controls both control
and respond to ecosystem characteristics; they are both constrained by state factors and respond
to ecosystem processes (Chapin et a. 1996).
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Figure 4. Chapin et al. (1996) ecosystem model of relationship between state factors, interactive
controls, and ecosystem processes. State factors are capitalized; interactive controls are
underlined, and the circle represents the boundary of the ecosystem.

For example, regional climate is affected not only by solar input and moisture supplies from
oceans, but also by forest cover (e.g., functional groups), which determines the amount of energy
that is absorbed by the ecosystem and is available to heat the atmosphere (Chapin and Whiteman
1998). Soil resources are affected not only by the parent material, but also by the chemical
composition and decomposition rates of leaf litter produced by plants (Hobbie 1992), and by the
extent of browsing by herbivores (Pastor et al. 1988). Nutrient supply then determines the
relative abundance of forest types, which affect fire return time. Human activities also influence
forest composition through harvest management decisions and business strategies of forest
industries; forest composition, in turn, affects fire probability (Starfield and Chapin 1996),
nutrient cycling rates (Hobbie 1992), and regional climate (Foley et a. 1994). In summary, the
major factors that determine the structure and functioning of ecosystems are also strongly
affected by ecosystem processes and their interactions with human activities.

For vital signs monitoring, a key component of the Jenny-Chapin framework is the principle that
interactive controls must be conserved if an ecosystem isto be maintained, and that major
changes in any interactive control will result in a new ecosystem with distinctly different
properties. Thusfor example, a change in the natural fire regime may result in altered light
resources on the forest floor, changesin a species’ reproductive success, a realignment of
competitive relationships between plant species and species groupsin aforest community, and
thus compositional and structural changesin plant communities (e.g., see Abrams 1992) and
rates of biogeochemical cycling. Similarly, alteration of soil resources as aresult of acid
precipitation may change the mycorrhizal community composition, which in turn may affect
vegetative germination and growth rates, species presence/absence, and the rates of natural forest
development (e.g., see Blaney and Miller 1995).



General Model—Ecosystem Processes

Key ecosystem processes include geophysical, biological, and ecological components.
Geophysical processes include land cover, land use, and landscape patterns. Across alandscape,
habitat diversity, connectivity, isolation, and landscape change are important components of the
geophysical setting. Soil composition and chemistry, and the rate of weathering of parent
material, and water quality all determine site productivity and quality. Biological processes are
defined by compositional and structural characteristics of the biota on the individual, community,
and landscape level. Taxonomic composition, fecundity, growth, health, vigor, and survival and
mortality are components. Key indicators of a healthy and sustainable biota are biodiversity and
compositional resilience, including both rare species and invasive species popul ations.
Ecological processesinclude those that cycle energy and materials through the system—the
biogeochemical links between organisms and their environment. Primary productivity, nutrient
cycling, water cycling, decomposition and mineralization, and food webs are key ecological
processes.

General Model—Interactive Controls

Using the Jenny-Chapin model, we review the four interactive controls (climate, weather, and
atmospheric conditions, disturbance regimes, major functional biotic groups, and soil resources
and conditions) for the ERMN terrestrial systemsidentified in Figures 2 and 3.

Regional climate

On broad geographic scales, climate is the interactive control that most strongly governs the
structure, productivity, and biogeochemistry of ecosystems (Chapin et al. 1996). Climate affects
genetic differentiation and speciation (Barnes 1991), species migrations, distributions and
associations (Braun 1950, Watts 1979, Davis 1981, Iverson et a. 1999) competition (Abrams
1998), disturbance regimes (Dale et al. 2001, Schoennagel et al. 2004), as well as growth rates
and carbon balance (Anderson 1991, Aber et al. 2001, McGuire et a. 2001). Temperature and
precipitation patterns, as they interact with vegetation, parent materials, and topography, are
important in determining soils processes and soil development (Barnes et al. 1998). Finadly,
climate, and climate change also have important economic and socioeconomic impacts,
including consumption of forest products and recreation services (Irland et al. 2001).

A summary of normal precipitation and temperature trends for the past 30 years from stations
within the ERMN region shows a dlight latitudinal gradient with regard to average monthly
precipitation and temperature (Table 3, Figure 5). Northernmost parks tend to have colder and
wetter falls and winters, however differences during the growing season are much lessin
magnitude. In the region covered in this report, precipitation iswell distributed throughout the
growing season and is generally not limiting to growth, except on the most drought-prone sites
such as pine flats, clifftops and clifftops, and talus slopes. Droughts occur, however drought
effects in eastern mesic forests have been shown to last for only 2 to 3 years (Cook and Jacoby
1977, Jacobi and Tainter 1988, Orwig and Abrams 1997), and sustained growth declines
(approx. five years or more) associated with drought are observed for only the most severe
drought events (Rubino and McCarthy 2000). Instead, the forests of the ERMN are



characterized by arelatively high degree of climatic complacency. That is, over decadal time
scales, tree growth patterns show relatively low variability, indicating that tree growth isless
affected by variations in climate (Fritts 1976) than by the effects of canopy disturbance and

competition between plant organisms for growing space (Phipps 1982, Nowacki and Abrams

1997, Rentch et a. 2002).

Table 3. Mean monthly temperature normals (F) and precipitation (in) from weather stations near
ERMN facilities, (1971-2001) (NCDC 2005)

Temperature Normals Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Bluestone Lake (BLUE) 312 348 431 523 61.0 69.1 733 723 66.0 544 440 346 53.0
Summersville Lake (GARI) 288 315 39.7 494 587 665 705 69.0 631 51.8 423 334 504
Morgantown Lock and Dam (FRHI, FONE) 30.8 33.7 426 523 613 694 735 721 658 544 443 354 530
Johnstown (JOFL) 29.2 320 405 517 614 699 739 720 651 532 436 33.6 520
Altoona (ALPO) 265 291 375 489 59.0 672 711 69.8 633 519 421 315 498
Stroudsburg (DEWA, UPDE) 258 278 375 488 588 673 719 702 621 50.7 403 30.9 493

Precipitation Normals
Bluestone Lake (BLUE) 30 27 35 33 40 33 42 33 28 26 25 26 377
Summersville Lake (GARI) 36 31 39 38 48 44 55 47 36 33 33 35 475
Morgantown Lock and Dam (FRHI, FONE) 33 29 38 37 44 40 42 40 34 29 35 33 433
Johnstown (JOFL) 38 34 39 38 43 49 51 41 42 33 37 33 4717
Altoona (ALPO) 28 26 36 37 44 43 40 33 40 34 37 29 427
Stroudsburg (DEWA, UPDE) 40 30 38 40 50 46 44 43 49 38 43 39 500
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Figure 5. Differencesin mean monthly precipitation and temperature normals for northernmost
(UPDE) and southernmost (BLUE) ERMN facilities, using data from weather stations near
ERMN facilities, 1971-2000 (USCDC, 2005)



While most evidence supports our assertion that inter-annual variability in climate isthe
dominant climatic signal in eastern mesic forests, there is some evidence that longer-term
climatic trends may be present. Long-term, non-periodic trends such as global warming, for
example, may increase drought frequency (LeBlanc and Foster 1992) and alter species
distributions (Iverson et al. 1999). In addition, the North Atlantic Oscillation is an intermittent
climate oscillation with temporally active and passive phases. Periodsof 5to 7, 9to 11, 12 to
14, and 80 to 90 years have been identified (Appenzeller and Stocker 1998). Although this
phenomenon has been primarily linked to winter climate and phenology of herbaceous plantsin
Europe (Post and Stenseth 1999, Otterson et al. 2001), research in North America suggests an
impact here aswell. For example, McCabe et al. (2004) attributed more than half (52%) of the
gpatial and temporal variance in multi-decadal drought frequency over the lower 48 states to the
Pacific Decadal Oscillation (PDO) and the Atlantic Multidecadal Oscillation (AMO), and that
much of the long-term predictability of drought frequency resided in the multidecadal behavior
of the North Atlantic Ocean.

Natural disturbance regime

Pickett and White (1985) defined disturbance as “any relatively discrete event in time that
disrupts ecosystem, community, or population structure and changes resources, substrate
availability, or the physical environment.” Oliver and Larsen (1996) focused on vegetation
dynamics: “ disturbances kill vegetation and release growing space.” Disturbance regimes, on the
other hand, consist of all the disturbances that affect an area (Runkle 1985), the pattern of death
of dominant individuals (canopy trees) in acommunity (Runkle 1982), and the temporal and
gpatial pattern of creation of open or atered spaces (Pickett and White 1985).

Descriptors of natural disturbance regimes include the following: 1) spatial distribution (where
disturbances occur on the landscape), 2) temporal distribution (how often do they occur,
expressed as disturbance frequency (f), return interval (= 1/f), or rotation (= f x areq), 3) size
(ha), 4) predictability (the variance of the return interval, related to historic range of variability),
5) magnitude—intensity (the physical force/unit of area or time, and severity (impacts on
organisms, communities, and ecosystems). These may occur along gradient from major or
severe to minor. Major disturbances or stand replacing events kill from the bottom up, usually
with alteration in soil resources, while minor disturbances kill from top down, usually leaving
residuals in lower layers as successors. 6) synergism and feedbacks are interactions of one
disturbance or chronic stress on others. For example, drought may increase the probability of
fire or insect outbreak; alight surface fire that consumes coarse woody debris and kills
understory stems may make reduce the probability of an intense crown fire; a hurricane-size
blowdown may increase the probability of fire (Pickett and White 1985, Oliver and Larsen
1996).

Disturbances are spatially and temporally patchy (Runkle 1985), and they occur on avariety of
gpatial and temporal scales. These range from single-tree canopy gaps to catastrophic fire to
climate change and glacial removal. At the landscape level, the combination of small, medium-
sized, and large disturbances tends to create a mosaic of patches of varying size, species, and
structure, and this patchiness affects levels of resource availability, survival of residuals, and rate



of invasion and successful re-establishment. Frequency and return interval, expressions of
temporal variability, have enormous biological significance. They may have as strong a
selective effect on species composition as physical characteristics of the environment (Denslow
1980, 1985), because they tell us which species can inhabit an ecosystem for long periods of
time.

Disturbances affect many levels of biological organization, and produce variability in
composition and structure. They can either reinitiate early stages of stand development (e.g., a
stand initiating disturbance, Oliver and Larsen 1996), or they may accelerate succession (e.g.,
disturbance mediated succession, Abrams and Scott 1989). Disturbances overlay environmental
gradients, both influencing and being influenced by those gradients. For example, fires are more
likely, and burn more intensely on drier terrain than moister terrain. Guyette and Dey (2000)
found that 50% variance of fire frequency was accounted for by “topographic roughness’ in one
watershed in Missouri (1700-1750). Conversely, some disturbances (e.g., hurricanes) are largely
independent of physical gradients.

Finally, disturbances interact (Sousa 1984, White et al. 1999). Windthrow may increase the
likelihood of fire; fire decreases the likelihood of windthrow. Disturbances are usually thought
of as being alogenic phenomena—phenomena not generated by changes within the stand.
However, they are partly autogenic, since the impact of disturbance isthe result of both the
magnitude of the disturbance, and the predisposition of the stand to the particular disturbance
type (Oliver and Larsen 1996). Asforests age, they may become more susceptible to
disturbance, and thus the magnitude of disturbance required to disrupt the stand becomes less
with age. For example, windthrow becomes more likely when trees are taler.

Disturbance-driven spatial and temporal variability isavital attribute of all ecosystems. For the
purposes of vital signs monitoring and ecosystem sustainability, disturbances are considered to
be interactive controlsif they fall within the historical range of natural variability (HRV) of an
ecosystem. Morgan et a.’s (1994) definition of natural variability reflects this distinction:
fluctuations in ecosystem conditions or processes over time, [defined by] the bounds of system
behavior that remain relatively consistent over time. Landres et al.’s (1999) definition is similar:
“the ecological conditions and spatial and temporal variation in these conditions that are
relatively unaffected by people, within a period of time and geographical area appropriate to an
expressed goal.” Disturbances that are described by these concepts should be differentiated from
stressors, which may meet the strict definition of disturbance (i.e., kill trees and release growing
space), but fall outside the historic range of natural variability of the ecosystem. Ecosystem
stressors are physical, chemical, or biological perturbations to a system that are either a) foreign
to that system, or b) natural to the system but applied at excessive (or deficient) levels (Barrett et
al. 1976).

An important methodological question revolves around the need to identify an appropriate time
period and spatial extent used in defining natural variation for any ecosystem. Thisincludes a
consideration of the influence of people. Many applications of natural variability consider the
time before Euro-American settlement as that during which the natural environment was
“relatively unaffected by people’ (Hunter 1996). However, current research is accumulating
data that suggests that native-American populations had considerable influence over the natural



environment (see e.g., Delcourt 1987, Delcourt and Delcourt 1998, Bonnicksen 2000).
Conversely, Vail (1998) criticizes the “myth of the humanized environment” and suggests that
for many areas, the influence of native-Americans have been overstated. Landres et al. (1999)
notes that use of natural variability always depends on the ecological and social context, and that
selection of appropriate time period and area should be guided by specific goals, objectives,
assumptions, and value judgments, as well as data availability and quality.

In eastern, mesic, deciduous forests of the type found in ERMN units, most forest turnover is
associated with small, single and multiple-tree canopy gaps (Runkle 1982, 1990). Mgjor, stand-
initiating disturbances reach perhaps their lowest level of importance for forest typesin the
eastern United States (Runkle 1990). Tornadoes occur but arerelatively rare. The frequency of
large-scale wind events declines in the southern portion of ERMN (Runkle 1982, 1985, 1990).
Wind is the dominant agent of gap formation (Barden 1981; Romme and Martin 1982; Runkle
1985; Clebsch and Busing 1989) and single and multiple tree-fall gaps are the dominant
disturbance type (Runkle 1982, Crow 1988), especially as forests mature. Winds and
thunderstorms accounted for 40-70% of severe weather events in portions of WV and
southwestern PA in one study (Rentch 2003a). In astudy that examined five oak-dominated
stands in three states, small-scale disturbances occurred, on average, every three years, while
larger events involving more than one tree occur on a 17 year interval (Rentch et al. 2003a).
While wind is the most common precipitating cause, excessive rainfall, flooding, erosion and soil
slippage, insect defoliation and/or fungal infestation, lightning strike, drought, and many others
may be contributing factors.

As acanopy disturbance, fire is more important around the edges of the region in the coniferous
forests of the southeast, west, and north (Frost 1998; Duchesne 2000; Wade et al. 2000). In the
Appalachian Plateau, however, a highly dissected topography with frequent natural firebreaks
limits the size of potential fire compartments (Frost 1998). Lightning isan occasional ignition
source, particularly during drought years (Ruffner and Abrams 1998), but low correlations
between climate and fire frequency suggest most fires in this region are caused by humans
(Sutherland 1997; Wade et al. 2000). Fires most often occur on the forest floor in the dormant
season (Sutherland 1997). This, in addition to the absence of fuel accumulation, means that the
immediate effects of firesin the region are largely concentrated in the understory (see Figure 6).
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Figure 6. Fireregime map of the United States, showing fire frequency and intensity (from
Schmidt, et al. 2002).

Although there are relatively few long-term fire chronologies for this region, thereis a growing
consensus that human use (and misuse) of fire has had a significant impact on forest composition
and structure. Prior to European settlement, fire was a significant component of the disturbance
regime, and strongly correlated with native-American habitation and land-use patterns (Del court
and Delcourt 1987, 1998, Bonnicksen 2000). These were primarily low-intensity ground fires
(i.e., “the Indian way,” Pyne 2001) during the dormant season. Firereturn intervalsaslow as
two years (McCarthy et al. 2001) and eight years (Buell et al. 1954; Abrams 2000) have been
reported. During the 1800s, European settlers used fire for many of the same reasons as native-
Americans, and fire frequencies remained the same or increased (Sutherland 1997; Van Lear and
Waldrop 1989; Abrams 2000; Wade et a. 2000). Since 1900, afire suppression policy has
greatly reduced fire frequency and the annual area burned (Abrams 1992; Wade et al. 2000).
This has resulted in altered patterns of species competition, regeneration, and canopy accession,
particularly for oaks species (Abrams 1992, Rentch et al. 2003b). Additional endangered
community-types in the ERMN that are known to be fire-maintained are rimrock pine
communities of Virginiaand pitch pine. These occur along exposed cliffsin the New River and
Delaware River parks, and are thought to have been maintained by periodic fires burning up the
slopes of the gorge (Brose and Waldrop 2000, Vanderhorst 2002, Waldrop et a. 2003, Mahan
2004).



Soil Resources

All terrestrial vegetation requires five primary resources for growth and development: light,
COg, water, mineral nutrients, and a porous media for physical rooting and support (Barnes et al.
1998). Although plants obtain light from solar radiation and CO, from the atmosphere, the
remaining resources are provided by soil. In turn, the rate of weathering of parent material and
soil development are strongly modified by biota, particularly through carbonation weathering
and the production of organic acids in the upper soil profile (Schlesinger 1997). Soil resources
determine the maximum potential productivity and structural diversity of vegetation, and
ultimately, the entire biota (Chapin et al. 1996).

The biogeochemical cycling of mineral nutrients is one of the most important processes
occurring in forest ecosystems, and temperate deciduous forests are remarkably conservative and
efficient systems. Waring and Running (1998) summarized the processes involved both
within—in the soil/plant interface, and without—in the atmosphere and export (Figure 7). Soil
nutrients are supplied by atmospheric deposition, fixation, and weathering of parent material.
Plants take up nutrients during the growing season, utilize them in plant processes such as
photosynthesis, and metabolize them into a variety of forms of biomass. Some nutrients are
sequestered into wood and root tissue, but much of the annual nutrient uptake is returned to the
system as leaf detritus and woody debris, where decomposition eventually releasesit in forms
that are again available for uptake by plant roots and soil microbes. Nutrient cycling istherefore
a pattern of fluxesin the system: the processes of uptake, use, and reuse over time. Itisa
seasonally regulated process driven by phenological variations in biotic processes that are
themselves regulated by cyclical climatic processes such as temperature, precipitation, and solar
radiation (Hicks et al. 1992). Because of intra-system nutrient cycling and the retention of past
inputs, plant growth is not solely dependent on external inputs to the system. In fact, the annual
recirculation of essential elements such as N, Ca, P, and K, from detritus aloneis sufficient to
exceed the growth requirements of a northern hardwood forest (Schesinger 1997). Nutrient
budgets are the accounting system that balance inputs to the system against outputs over agiven
time scale. Because they express the cycling process in terms of periodic net gain or loss,
nutrient budgets provide one measure of ecosystem health and sustainability.
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Figure 7. Conceptua model of processes involved in cycling of minerals through aforest
ecosystem. (Adapted from Waring and Running 1998).

Soil resources and nutrient cycling are strongly modified by topography and the biota. For
example, Johnson and Todd (1990) found that yellow-poplar stands had greater total N, total P,
and exchangeable Ca and Mg than oak-hickory and chestnut oak stands, and that total leaching
losses were as much as 37% greater from yellow-poplar forests (Johnson et al. 1985). They
concluded that slope position and microtopography were more important in determining the rate
of nutrient return and overall nutrient status. Boerner (1984) reached a similar conclusion when
comparing foliar N and P concentrations of individuals of the same species between southwest-
facing and northeast-facing sites. Trees on nutrient-poor, southwest-facing sites were more
conservative of nutrients and produced nutrient-poor litter; they had lower maximum foliar N
and P concentrations and resorbed alarger proportion of N and P prior to litterfall than did
individuals of the same species on mesophytic sites. South- and west-facing slopes are generally
warmer, especialy in winter (Tajchman 1983); they also have deeper, more heavily weathered
and leached soils (Boerner 1984). Where parent materials are similar between sites, north- and
east-facing slopes have higher organic matter content, pH, base saturation, and more extractable



N than south- and west-facing slopes. In north-central WV, Hicks and Frank (1984) found
significant positive correlations between transformed aspect and CEC, organic matter, P, K, Ca,
Mg, and total base saturation for soil A, to alesser extent, B horizons. They attributed this
difference in part to a more rapid decomposition and recycling rate on north- and east-facing
sites. Finally, by avoiding non-preferred plants, deer browsing can favor plants whose leaves
may have high lignin concentrations and/or high C:N ratios (Hobbs 1996). Such leaves are
mineralized more slowly, causing litter to accumulate.

An accurate accounting of inputs and outputs to an ecological system isimportant for several
reasons. First, ecosystem productivity and sustainability is strongly dependent on the total pools
of nutrient resources present, their availability, their seasonal fluxes, and whether their long-term
status isimproving, declining, or remaining static. Productivity also depends on a proper
balance of nutrients. Plant tissue is composed of afairly stable mixture of carbohydrates, and
macro- and micro-nutrients, and when one nutrient becomes limiting, plants usually do not show
deficiency symptoms; they simply grow more slowly (Schlesinger 1997). Input-output budgets
are akey indicators of variations of soil fertility and the potential sustainability of forest
management; they permit managers to anticipate how management activities will initiate soil
changes before the impact on soil and vegetation appear (Ranger et al. 1999). Because
conservation of forest resources also includes non-timber values such as water quality and
control, biodiversity, wildlife habitat, recreational opportunities, and carbon sequestration, for
example, nutrient budgets have the potential for far-ranging effects on awide variety of
ecosystem functions and values.

There is strong evidence that human actions can influence nutrient status of a site at macro-,
meso-, and micro-scales. For example at the macro-scale, precipitation in the central
Appalachian Region is among the most acidic in the United States, and pH readings below 4.0
are common in summer months (Rentch and Hicks 2000). The buffering of acidic precipitation
by forested watershedsis a chemical process that occurs as water from precipitation passes
through the ecosystem, and there is an emerging consensus that acid precipitation accel erates
nutrient leaching from forest foliage and the soil profile (Helvey and Kunkle 1986, Aber et al.
1998). When combined with the micro-scale activity of timber harvesting on short rotations (i.e.,
50-60 yr.), persistently negative budgets may conceivably result in depletion of some essential
nutrients, and require remedial effortsto restore site productivity (Federer et al. 1989, Long et al.
1997, Adams 1999). Finally, erosional losses and compaction of soils due to visitor use are
particularly important for public facilities such as parks.

Functional Groups of Organisms

Chapin et a. (1996) defined functional groups of organisms as groups of species that have
similar effects on ecosystem processes. Functional groups are interactive controls because of
their capacity to shape the structure and functioning of ecosystems. In this section, we review
key functional groups including vegetation, soil biota, and herbivores.

Vegetation is generally recognized as the dominant functional group in terrestrial ecosystems,
and avast literature has devel oped over the past 30 years to model ecosystem devel opment and
change with regard to vegetation development. These include growth and yield models used in



commercial forestry to predict yield (e.g., Clutter 1963, Dale 1972), and models such as
OAKSIM, SILVAH, and NE-TWIG. Broader process models have been developed to simulate
the temporal and spatial distribution of resources resulting from disturbance, and its effects on
forest growth, mortality, and recruitment over long periods of time. These include JABOWA
(Botkin et al. 1972), SORTIE (Pacala et al. 1993), and FOREST-BGC (Waring and Running
1998).

In additional to conducting photosynthesis, the above-ground structure of vascular plants
provides habitat for other organisms and functiona groups. Plant litter provides inputs to soil
organic matter for recycling. Vegetation structure creates moisture, temperature, and light
gradients that are important for biotic diversity. Roots stabilize soils and provide organic matter
for below ground food webs. Vegetation also provides fuel for fire, aswell as resources and
habitat for below ground and above ground consumers and decomposers ranging from fungi,
bacteria, and soil invertebrates to birds and mammals. Carbon storage and mediation of earth-
atmosphere energy/water balances are additiona ecosystem functions performed by vegetation
that are critical for global change processes (Waring and Running 1998, Breshears and Allen
2002). Finally, vegetation provides resources for multiple human values and uses, including
consumption of forest products, recreation, and other non-consumptive values.

A large number of vegetation attributes affects the functioning of vegetation in ecosystems.
Size, basal area, stem density, biomass, photosynthetic rate, relative and absolute growth rates,
tissue chemistry, canopy cover, canopy structure, spatial arrangement, leaf area, and plant
longevity are some of the more important and measurabl e vegetation attributes for ecosystem
functioning (Chapin 1993). Reproductive traits, phenology, and shade and moisture tolerance
are additional attributes that are particularly important. With respect to disturbance, important
functional attributes include palatability, fire tolerance, modes of post disturbance regeneration.

There have been several regional vegetation classifications for the area encompassing ERMN
based on woody canopy cover. Braun (1950) used a physiognomic approach to classify eastern
deciduous forest associations. She placed much of the Appalachian Plateau Physiographic
Province in the Mixed Mesophytic Forest Region (Figure 8). Notable about this association is
the large number of tree species (as many as 25) and species-combinations that may dominate at
any particular location (see Figure 9). These include oaks (chesnut, northern red, white),
American beech, yellow-poplar, hemlock, and sugar maple. These associations find their best
development on moist, well-drained soils. Braun considered sweet buckeye (Aesculus flava Ait.)
and white basswood (Tilia americana L.) as diagnostic of this forest type. Although it isthe
overstory layer that primarily characterizes this forest, the understory and herbaceous strata are
also diverse, particularly spring ephemerals. East of the Allegheny Front Section of the
Appalachian Plateau Physiographic Province, the Oak-Chestnut Forest Region is characteristic
of the Ridge and Valley and Blue Ridge Physiographic Provinces. Here, oaks and (formerly)
American chestnut are so abundant as to characterize the region. The virtual elimination of
chestnut by the chestnut fungus (Cryphonectria parasitica) beginning in the early 1900s has
resulted in increases of several oak and hickory species on drier sites, and by yellow-poplar on
more mesic sites (Stephenson et al. 1993). Although it is difficult to draw a sharp boundary
between the two forest associations, mesophytic communities are generally confined to moist
coves and lower ravine slopes.
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Figure 8. Braun's (1950) vegetational regions and overlay of the central hardwood forest (after
Hicks 1998). Region 5 isthe Mixed Mesophytic Forest Region, including 5a (Allegheny
Mountains), and 5b (Cumberland and Allegheny Plateaus). Region 4 is the Oak-Chestnut Forest
Region, including 4a (glaciated section).
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Figure 9. Estimated of number of tree species per 20 x 20 km cell, from USDA FS FIA data, and
Prasad and Iverson (1999).



Kuchler (1964) mapped the United States using potential natural vegetation (PNV), and placed
ERMN unitsin either Mixed Mesophytic or Appalachian oak types. Kuchler defined PNV as
"the vegetation structure that would become established if all successional sequences were
completed without interference by man under the present climatic and edaphic conditions
(including those created by man)." Thus the vegetation units are hypothetical unitsthat are
thought to indicate a site's potential for developing certain kinds of vegetation. These units are
based on known current relationships between vegetation and site characteristics, such as soils or
landform. They can be used to great advantage by land managers faced with alandscape where
much of the vegetation has been removed. However, PNV units are limited by the current
knowledge of vegetation-site relationships, and the ability of vegetation per seto infer site
characteristics. They also emphasize hypothesized climax vegetation, a concept fraught with
theoretical difficulties (e.g., see Gleason 1917, 1926).

Bailey’ s ecoregion approach (1995) characterized the area encompassing ERMN as either
Central Appalachian Broadleaf Forest-Coniferous Forest-Meadow Province (M221) and the
Eastern Broadleaf (Oceanic) Province (221) (See Figure 10). The Eastern Broadleaf Forest
(Oceanic) Province is characterized by awinter or temperate deciduous forest dominated by tall
broadleaf trees that provide a dense, continuous canopy in summer and shed their leaves
completely in winter. Lower layers of small trees and shrubs develop weakly. In spring, a
luxuriant ground cover of herbs quickly develops, but is greatly reduced after trees reach full
foliage and shade the ground. Forest vegetation is divided into three major associations. mixed
mesophytic, Appalachian oak, and pine-oak.

Ecosystem Provinces

Figure 10. Ecoregions of the United States from Bailey (1995). Province 221 (lime) = Eastern
Broadleaf Forest (Oceanic) Province, and M221 (darker green) = Central Appalachian Broadleaf
Forest—Coniferous Forest—Meadow Province (available from

http://www.fs.fed.us/col orimagemap/ecoregl_provinces.html).



In the Central Appalachian Broadleaf Forest-Coniferous Forest-Meadow Province, vertical
zonation prevails, with the lower limits of each forest belt rising in elevation toward the south.
The Appalachian oak forest is dominated by a dozen species each in the white oak and black oak
groups. Chestnut was once abundant, but now eliminated as a canopy tree. Above this zonelies
the northeastern hardwood forest, composed of birch, beech, maple, elm, red oak, and basswood,
with an admixture of hemlock and white pine. Mixed mesophytic forest extends into narrow
valleys (coves) of the southern Appalachians, where oak vegetation predominates.

Finally, The Nature Conservancy has developed an ecological system matrix for the North
America (Comer et al. 2003). Their emphasisison energy flow and nutrient cycling: how
processes on the landscape shape ecological systems, and define them through a combination of
biotic and abiotic criteria. In contrast to Bailey (1995), their classification does not rely on a
fixed landscape map unit approach. They define ecological system as a group of plant
community types that tend to co-occur within landscapes with similar ecological process,
substrates, and/or environmental gradients. These usually manifest themselves at spatial scales
of 10sto 1000s of haand persist for 50 years or more. Their classification system places all of
the units of the ERMN within the Central and Interior Appalachian Division. Omitting
exclusively wetland systems, they have identified 32 distinct terrestrial ecological systems (Table
2), 202 associations', and 150 systems, as well as acidic, circumneutral, and calcareous barrens.

'defined as “a plant community of definite floristic composition, uniform habitat conditions, and uniform physiognomy”
“defined as “a physiognomically uniform group of plant associations sharing one or more dominant or diagnostic species.”



Table 2. List of upland and mixed upland/wetland ecologica systems within the Central and
Interior Appalachian Division asidentified by The Nature Conservancy present in West Virginia
and Pennsylvania (available from: http://www.natureserve.org/getData/ecologyData.j sp.

Forest and Woodland
Allegheny-Cumberland Dry Oak Forest and Woodland
Allegheny-Cumberland Sandstone Box Canyon and Rockhouse
Appalachian (Hemlock)-Northern Hardwood Forest
Appalachian Serpentine Woodland
Appalachian Shale Barrens
Central Appalachian Dry Oak-Pine Forest
Central Appalachian Pine-Oak Rocky Woodland
Central and Southern Appalachian M ontane Oak Forest
Central and Southern Appalachian Spruce-Fir Forest
Laurentian-Acadian Pine-Hemlock-Hardwood Forest
North-Central Appalachian Pine Barrens
North-Central Interior Beech-Maple Forest
Northeastern Interior Dry-Mesic Oak Forest
Northern Appalachian-Acadian Rocky Heath Outcrop
South-Central Interior M esophytic Forest
Southern Appalachian Montane Pine Forest and Woodland
Southern Appalachian Northern Hardwood Forest
Southern and Central Appalachian Cove Forest
Central Appalachian Alkaline Glade and Woodland
Southern Piedmont Glade and Barrens
Steppe-Savanna
Southern and Central Appalachian Mafic Glade and Barrens
Herbaceous
Southern Appalachian Grass and Shrub Bald
Mixed Upland and Wetland
Central Appalachian Floodplain
Central Appalachian Riparian
Great Lakes Dune and Swale
South-Central Interior Large Floodplain
South-Central Interior Small Stream and Riparian
Barren
Central Interior Calcareous Cliff and Talus
North-Central Appalachian Acidic Cliff and Talus
North-Central Appalachian Circumneutral Cliff and Talus
Southern Appalachian Montane Cliff and Talus
Southern Appalachian Spray Cliff

There have been a number of finer-scale classifications of regional vegetation and vegetation of
specific park units. These include gray and peer-reviewed literature that address biotic
community composition and ecosystem dynamics within specific park boundaries (e.g., Myers
and Irish 1981 (DEWA), Grafton 1982 (NERI), Abrams and Downs 1990 (FRHI), Norris 1992
(BLUE), Grafton 1993 (GARI, BLUE), Evans 1995 (DEWA), Fortney et a. 1995 (GARI, NERI,
BLUE), Suiter 1995 (NERI), Sullivan et al. 1998 (DEWA), Y oung et al. 2001 (DEWA), Mahan
et a. 2004 (NERI), Ross et al. 2002 (DEWA), and Rentch et al. 2005 (BLUE).
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Soil biotaisalarge functional group that is poorly understood but is critical for many of the
ecosystem processes described so far (decomposition, mineralization, nutrient cycling, and forest
development). Soil biotainclude microfloral components (bacteria, fungi, algae), microfaunal
components (nematodes, microarthropods, protozoans), and macrofaunal components
(earthworms, ants, termites). Soil biota also include another significant group, mycorrhizal fungi
(MR). These organisms form symbiotic relationships with roots of many plants, a partnership
that provides water and nutritional benefits to the host plant in exchange for carbohydrates to the
fungi (see Read 1997, Fitter et al. 1999). Recent research has suggested that MR may serveas a
carbon conduit, mediating the sharing of carbon sharing between different individuals and/or
species (Simard et al. 1997a, Simard et a. 1997b). Another symbiotic relationship involves the
N-fixing bacteria and plants. Severa common pioneer plant species have N-fixing capabilities
due to bacterial associations, including legumes such as black locust (Fabaceae), and alder
(Betulaceae).

Herbivores are a broad functional group and they have direct and indirect effects on ecosystem
properties and processes. A significant impact of herbivory isits effect on plant species diversity
(Gough and Grace 1998). On average at least 10% of net above-ground primary productivity
(NAPP) of terrestrial ecosystems is consumed by grazing herbivores, and it is unlikely that any
plant is completely immune from the effects of herbivory. Virtually all plants have traits that
reduce the intensity of herbivory to some degree (e.g., lignification, silification, secondary
compounds, reduced palatability). Similarly, herbivores display a wide range of feeding
morphologies and behaviours that have evolved in response to selection pressures occuring as a
result of the evolution of forage plant defenses. Native herbivoresinclude terrestrial
invertebrates (grasshoppers, spiders, beetles, moths, etc.), breeding birds (resident or neotropical
migrant avifaunal species), small mammals (mices, voles, shrews, chipmunks, squirrels) and
large mammals (white-tailed deer, black bears).

Whether measured by species, individuals, or biomass, invertebrates dominate terrestrial
ecosystems (Wilson 1987, Kremen et al. 1993). They occupy the widest possible diversity of
ecosystems, microhabitats, and niches, and affect ecosystem processes such as nutrient and water
cycling, the regeneration of plant species by pollen and seed dispersal, and the decomposition of
dead organic matter (Barnes et a. 1998). In many cases they directly regul ate forest health,
growth and mortality through herbivory (Mattson and Addy 1975). For example, sinceits
introduction in 1869, gypsy moth has become established in 16 states and defoliates millions of
acres of hardwood forests annually (Liebhold et al. 1995). Because insect defoliators tend to
specialize in one species or genus of species, they can strongly influence the rate and direction of
sucession (Franklin et a. 1987).

Of al plant-animal mutualisms, insects are probably the most highly co-evolved with plants,
particularly with regard to pollination (Baker et al. 1983). In North America, 40 plant families
and 69 genera are dominantly or whole insect pollinated (Haack 1994), including all species of
Ericaceae, Fabaceae, and Roseaceae, as well as major forest tree species in the genera Acer,
Aesculus, Lirodendron, Nyssa, and Tila. Despite growing awareness of their importance to
conservation monitoring and planning, relatively little attention has been devoted to their
inventory and monitoring (Kremen et al. 1993). Both beneficial and detrimental, their



invertebrate contributions are critical to forest diversity, soil fertility, and long-term forest health
and sustainability (Haack and Byler 1993).

Breeding birds have shown to be useful indicators of ecosystem health, particularly when
ecosystems are heavily impacted (Bradford et al. 1998, O’ Connell et al. 2000). Many species
distributions are affected by habitat fragmentation (Askins and Philbrick 1987, Wilson et al.
1995), and many birds occupy high trophic levels and may integrate functional disturbance at
lower levels (Pettersson et al. 1995, Rodewalk and James 1996). They are especially sensitiveto
habitat features such as canopy structure, nesting sites, food supplies and escape cover (Conner
and Dickson 1997), metrics closely associated with vegetative cover and land use. Some species
of birds, such as woodpeckers, may serve asindicators of overal bird diversity (Mikusinski et al.
2001). Birds have been shown to be useful indicators of ecosystem health, and thisis especially
true where ecosystems are heavily impacted (Landres et al. 1988, Bradford et. al. 1998,

O’ Connell et al. 2001). Advantages of long-term monitoring of breeding birdsisthat historical
data already exist regarding populations and distribution (e.g., Yahner et al. 2001, Yahner et a.
2004), and there is a sizeable pool of skilled, non-professional observers.

At certain levels, diversity of herbivores contributes to overall diversity and plant community
development (see Gough and Grace 1998). However, due to strong interactions of vegetation
with nutrient cycling, hydrologic processes, disturbance regimes, and geomorphic processes,
herbivore-driven changes in vegetation structure can have cascading effects on many ecosystem
processes and properties. For example, chronically high densities of white-tailed deer hasled to
habitat simplification, compositional and structural changes, and loss of biodiversity (DeCalesta
1994, McShea et al. 2000, Rooney and Waller 2003, Hordley et al. 2003). In some areas, deer
are now so numerous and destructive as to be identified as a “ keystone herbivore” by Waller and
Anderson (1997), owing to the profound impact they have on forest ecosystems, including
limiting regeneration of woody and herbaceous species.

General Model—Adding Anthropogenic Stressors

Natural ecosystems are complex networks of interacting positive and negative feedbacks
(DeAngelis and Post 1991, Chapin et al. 1996, Schlesinger 1997) that operate over arange of
temporal and spatial scales. Both feedbacks are important in determining the characteristics of
natural ecosystems. Positive feedbacks amplify an initial change and push the ecosystem toward
some new state (Chapin et al. 1996). For example, mutualisms of plants with mycorrhizal or N-
fixing symbionts create a positive feedback that maximizes productivity, because both the host
plant and the microbe benefit from the association. In degraded landscapes, mutualisms like this
can enhance the resource supply and productivity of the system, demonstrating that positive
feedbacks can be ecologically beneficia (Perry et al. 1989). Hydraulic lift by deeply rooted
plants distributes deep soil water to surface soil layers to delay daytime water deficit. This
benefits both the pumper and neighboring plants that have access to soil moisture (Dawson 1993,
Ryel et al. 2002). Population growth also acts as a positive feedback, because increased
population size tends to cause still greater population increase. In simple two-species
microcosms, population growth creates instability because one species provided with afinite
food supply increases its population until the food supply is exhausted, and then the population
crashes (Chapin et al. 1996).



In sustainable ecosystems, negative feedbacks constrain positive feedbacks. Negative feedbacks
provide resistance and resilience to natural or anthropogenic changesin interactive controls, and
maintain the potential for recovery and regeneration after disturbance. The acquisition of water,
nutrients, and light to support growth of one plant reduces availability of these resources to other
plants (Tilman 1988, Oliver and Larsen 1996), thereby stabilizing community productivity
(Chapin and Shaver 1985). Similarly, animal populations cannot sustain exponential population
growth indefinitely, because declining food supply and predation (Hairston et al. 1960, Oksanen
1990) reduce the rate of population increase. If these negative feedbacks are weak or absent (e.g.,
low predation rate), population cycles can amplify and lead to extinction of one or both of the
interacting species (Holling 1992).

Both types of feedback are critical for ecosystem development. However, because negative
feedbacks are regulatory, they are key to ecosystem sustainability (Chapin et al. 1996). When
negative feedbacks are weakened, management must be intensified.

In the following section we outline key terrestrial ecosystem stressors, which we defined earlier
as (primarily anthropogenic) disturbances that are either foreign to an ecosystem, or that fall
outside the historical range of natural variability. Figure 11 adds impacts of known or
hypothesized stressors on interactive controls of the Jenny-Chapin model (Figure 4). In Figure
12, we present a more detailed assessment of relationships between stressors, interactive
controls, and primary terrestrial ecosystem processes.
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width of connecting lines.

Changes in Landscape Pattern and Process: Habitat loss and fragmentation

Fragmentation of the landscape produces a series of patches surrounded by a matrix of different
vegetation types and/or land use. Fragmentation may affect key ecosystem attributes such as
genetic and species diversity, species density and abundance, interspecific interactions, edge
effects, and patch connectivity, and there is alarge body of observational and theoretical
literature on species, population and community effects of fragmentation (see review, Debinski
and Holt 2000, McGarigal and Cushman 2002). Potential harmful effects of fragmentation
includeinitial exclusion, isolation, species-area effects, edge effects, and disruption of natural
disturbance regimes (Caley et a. 2001). Many of the species/popul ation responses to
fragmentation are driven by changes in the physical environment (Saunders et a. 1991),
including alteration of the microclimate (radiation, wind, water flux, etc.) within each remnant
patch, and the isolation (a function of patch size, shape, distance between patches, time since
isolation, connectivity, etc.) of each from other patches in the surrounding landscape.
Monitoring and/or management of these remnants, whether as parks, natural areas, or habitat
reserves poses several problems centered on questions of size, shape, and design. The SLOSS
(Single Large or Several Small) debate has yet to be resolved (see Simberloff 1988).



The relationship between species diversity and fragmentation is based on the theory of island
biogeography (MacArthur and Wilson 1967): species richness in habitat fragments is expected to
be afunction of island size and isolation. Smaller, more isolated fragments are expected to retain
fewer species than larger, lessisolated habitat tracts. Genetically, fragmentation reduces genetic
variation through genetic drift and inbreeding depression in smaller populations (Templeton et
al. 1990). Thistheory has been verified in many observational studies. For example, Laurance
and Bierregaard (1996) found that even in a 100 hatropical forest, the beetle community was
much different in composition and lower in species richness that those on control sitesin a
continuous forest. Collinge and Foreman (1998) found that insect species diversity was lowest
in smallest fragments and highest in largest fragments. 1n addition, fragmented landscapes also
tend to have lower species abundance and density (Holt et al. 1995, Yao et a. 1999), factors
which influence secondary succession and forest development following disturbance.

Spatial dynamics can have profound effects on individual behavior and interspecific interactions
such as predation, and fragmentation can mediate or exacerbate shifts in such interactions
(Karelva 1987). Fragmentation creates barriersto dispersal, and behavioral responses to
fragmentation, as well as patch/corridor size/distance may underlie some observed effects at
higher organization levels such as populations and communities. Even narrow breaks (< 100m)
in continuous forest habitat may produce substantial barriers to movement of many species of
birds and insects (Haddad 1999). Diffendorfer et al. (1995) and Wolff et al. (1997) found that
fragmentation reduced movement and altered spatial patterning of several small mammals.
Similarly, edge effects may make habitats more vulnerable to invasion of exotic species and
subject it more extreme biotic influences such as wind and temperature (Saunders et al. 1991).
Species that are especially vulnerable to fragmentation include 1) naturally rare species, 2) wide-
ranging species, 3) nonvagile species, 4) species with low fecundity, 5) species dependent on
patchy, unpredictable resources, 6) species with highly variable population sizes, 7) ground
nesters, 8) interior species, and 9) species vulnerable to human exploitation (from online review,
available at: http://www.forestry.auburn.edu/mitchell/spatecol/L ectures/fragmentation.pps).

While there is much evidence of the deleterious effects of fragmentation on population and
ecosystem dynamics, the multicausal nature of the organism response to fragmentation,
complexities of temporal and spatial scaling, time lags, social interactions between species, and
the presence habitat generalist species often produce mixed results. For example, reviews of
mani pul ative fragmentation experiments (Debinski and Holt 2000) or observational studies
(McGarigal and Cushman) both fail to uniformly verify commonly held hypotheses about the
relationship between fragmentation, species richness, density, and other population parameters.
Bissonnette and Storch (2002) sum up: the effects of fragmentation are complex and
multicausal; exhibiting thresholds where they are unexpected; are characterized by time lags that
may be unpredictable; are heavily influenced by the structural differences between the matrix
and the patches, especially if the patches are disturbance rather than remnant patches; and are
heavily dependent on the temporal and spatial scales of the observation. Finally, Bissonnette and
Storch (2002) note that dynamics are often contingent on system history and there subject to
stochastic events.


http://www.forestry.auburn.edu/mitchell/spatecol/Lectures/fragmentation.pps

Much of the study of effects of habitat 10ss and fragmentation has been targeted to functional
groups, but these changes can potentially affect al four interactive controls. They can result
from awide range of temporal and permanent anthropogenic causes, but all involve the loss and
isolation of natural habitats (Meffe et al. 1997). Most studies that involve the effects of habitat
fragmentation and edge on avian abundance and diversity aso examine the secondary effects of
increased predation and cowbird parasitism (Dessecker and Richard 1984, Dessecker and
Richard 1987, Y ahner and Ross 1995, Y ahner and Mahan 1997, Fleming and Giuliano 2001).
Although there may be some short-term effects of forestry practices on stream or riparian
quality, thereis likely not the long-term effects as found with other land uses (Thorton et al.
2000). Thereisarelatively greater amount of information on the threats of temporary
fragmentation and the effects of the resulting edges created to both avian and mammalian species
(e.0. (Dessecker and Richard 1987, Hoover, Brittingham et al. 1995, Mahan and Y ahner 1996,
Mahan and Y ahner 1999), but only limited information on other taxa. Fredericksen (1998) noted
that due to their proximity to ever-enlarging suburban devel opments, central Appalachian forests
are probably more threatened by development than by timber harvesting.

For invertebrate populations, fragmentation and habitat |0ss may be critical issues because
populations may become increasingly isolated (Saunders et al. 1991). Thereislittle information
on how fragmentation may affect genetic variation. From a management perspective, (Y ahner
1995, Yahner 1996, Y ahner 1997, Y ahner 1998) details how butterflies and skippers used both
native and exotic plants in unmowed and non-pesticide borders of forested and agricultural
landscapes.

Recent declines in migratory bird populations breeding in the eastern United States have become
amajor focus of studies addressing avian conservation and diversity (Robbins et al. 1989, Askins
et a. 1990, Y ahner and Ross 1995, Y ahner and Mahan 1997, Fleming and Giuliano 2001).
Fragmentation, degradation, and alteration of breeding grounds, deforestation of tropical winter
grounds, and increased nest predation and brood parasitism coupled with increased edge are
factors that been associated with observed reductions for many songbird species, including
species dependent on grassland and early successional habitats. There have been some studies
on the effects of habitat fragmentation as it relates to forestry practices on smaller mammals.
The extent to which forestry practices can create different size clear cuts, shapes, proximities,
etc., can make assessing (and interpreting) the effects of this type of fragmentation difficult.
However, there are some indications that smaller clearcuts may benefit some small mammals
such as the White-footed Mouse by creating areas of low, moist vegetation although there are
other factors, such as food abundance and weather, that may influence how and when small
mammals may use forest openings (Y ahner 2001).

Changes in Landscape Pattern and Process: Urbanization and Suburbanization

Because expanding human populations require additional space for homes, schools, businesses,
etc., some growth isinevitable. However, unmanaged growth characterizes urban sprawl and
presents increased negative costs to humans and biodiversity. Typically, urban/suburban sprawl
has the following characteristics: 1) low density, 2) unlimited and non-contiguous outward
expansion, 3) spatial segregation of different land uses, 4) consumption of, and increased
pressure on adjoining agricultural lands and environmentally sensitive lands, 5) travel dominance



by motor vehicle, 6) small devel opers operating independently of each other, and 7) lack of
integrated land use planning. The effects of urbanization and suburbanization (resulting in
landuse changes) are felt at all four interactive controls (see Figure 12).

Urban sprawl has been identified as a serious threat to forests and other natural areas, and public
concern over impacts has grown in recent years (Bengston et a. 2005). The Southern Forest
Resource Assessment (Weir and Greis 2002) found that urbanization has the most direct,
immediate, and permanent effects on the extent, condition, and health of southern forests.
Although the region encompassing ERMN has not seen some of the same increases in population
that other parts of the country, there have still been problems with sprawl. The five counties
surrounding DEWA have experienced some of the most rapid residential development in the
United States during the past several decades (250 percent growth during the period 1970 to
1990). Pike County (PA) has been the fastest growing county in Pennsylvania since 1970.
Recent estimates indicate local popul ations have grown by more than 50 percent since 1990.
Furthermore, these census figures do not include the continuing proliferation of vacation homes
in the area, because they are not primary residences. The human population in many area
developmentsis 3-6x greater during summer weekends and holidays than during the winter. For
example, the year-round resident population of one such development (Hemlock Farms) is about
2,500, but on summer weekends this population swellsto over 10,000 (from USGS study plan).
Sprawl is particularly critical for UPDE, which has only 30 of a potential 75,000 acresin NPS
ownership. At NERI, there have recently been severa large suburban housing projects proposed
for forest land surrounding the park.

Thisincreasing need for more space has prompted aloss of prime farmland and open space,
thereby decreasing the amount of land available to all species. However, there are also less
obvious effects, including problems with storm water runoff due such sources as construction,
increased asphalt, and pesticide use, which can adversely affect the quality and quantity of water
sourcesinthearea. At least two studies have cited evidence that despite efforts to restore or
retain riparian buffer zones or create detention ponds in urban or suburban areas, the increasing
amounts of impervious surfaces in these areas will overwhelm the ability of riparian buffersto
control non-point sources of pollution (Booth and Jackson 1997, Hession et a. 2000). The
amount of impervious surface within urban areasis also the leading cause of impairment to
estuaries surveyed by the National Water Quality Assessment (US EPA 2001).

Changes in landscape pattern and process represent positive feedbacks. Removal of natural
cover and increased human population produces additional pressure for more housing,
commercia development, and roads, causing further fragmentation and/or loss of natural habitats
and losses of biodiversity. These stressors may also threaten non-biotic resources, such as
historical and recreational resources, aswell aslocal climate, and air and water quality.

Climate Change

Global atmospheric changes attributable to anthropogenic emissions of CO, and other
greenhouse gases (water vapor, NH3, NOy, HFCs, PFCs, SFg) are expected to have significant
environmental and human consequences during this century (Houghton et al. 2001). Interactions
between terrestrial ecosystems, ecosystem processes, and climate constitute positive feedbacks.
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Climate affects primary production and decomposition, which in turn, feed directly back into
climate and atmospheric systems by modifying water and greenhouse gas fluxes via
evapotranspiration, nitrification and denitrification, and methanogenesis (Ojiwa 1999). In
addition, changes in rates of ecosystem processes directly influence rates of change in global
environment by modifying land surface properties (e.g., albedo) and the radiant balance. Subak
(2005) provided a summary of potential impacts for the Mid-Atlantic states.

Researchers have identified some elements of these changes, but many remain at the modeling or
simulation level, while still others are more uncertain. Increasing levels of atmospheric CO; as
well asrising air, water, and soil temperatures and altered precipitation patterns (including
changesin the frequency and intensity of extreme events such as droughts, storms, hurricanes,
tornadoes) have the potential to effect species’ physiological processes and distributions,
competitive relations, and population dynamics of plants, nutrient cycling, hydrological
processes, and disturbance regimes. Most affected will be species that are near the edge of their
optimum range, or species of concern whose population dynamics are already imperiled.

Several researchers have simulated distributional shiftsin plant populations in response to
anticipated twofold increase in CO, concentrations over the next century, using global climate
change models (see Iverson et a. 1999, Hanson et a. 2001, Malcolm et a. 2002). Iverson et al.
(1999) reviewed the distribution of 80 tree speciesin the eastern US, and found that 30 species
could expand their range by at least 10%, while ranges of an additional 30 could decrease by
10%. Asmany as 4-9 species, including sugar maple, black cherry, and trembling aspen (see
Figure 13) would potentially move out of the United States to the north. Nearly half showed the
potential to shift their ecological optima 100 km north. Iverson et al. (2004) caution, however,
that historic rates of migration (10-50 km/100yr) will not likely occur given the currently
fragmented landscape (an unexpected negative feedback). Observed responses to climate change
include latitudinal and range shifts of shrubsin Alaska (Sturm 2001), birds in the UK (Thomas
and Lennon 1999), and red fox in Canada (Hersteinsson and MacDonald 1992). Additional
observed responses included altered plant (Bradley et al. 1999) and bird, amphibian, and
butterfly (Walther et al. 2002) phenology, accelerated invasions of introduced species (Walther
2000, Dale 2001), changes in nesting behavior of Canada geese (Maclnnes et al. 1990), and
changesin sex ratios of painted turtles due to summer temperature shifts (Janzen 1994).
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Figure 13. Estimated range shifts of sugar maple under a 2x CO, concentration increase, using
the GISS climate model, from Prasad and |verson 1999).

Local, regional, and global climate changes can a so influence occurrence, timing, frequency,
duration, extent, and intensity of disturbances (Turner et al. 1998, Dale et al. 2001). For example,
the frequency, size, intensity, seasonality and type of fire depend on weather and climate in
addition to fuel supply, forest structure, and composition. The Canadian Climate Center Model
(CGCM1) predicts a 30% increase in the seasonal severity rating of fire hazard for the
southeastern United States, and 10% increases el sewhere, which amounts to a 25-50% increase
in total areaburned (Daleet a. 2001). Climate also affects survival and spread of insects and
pathogens, as well as the susceptibility of forest ecosystems. This could mean increased
disturbance in some areas and decreased disturbance in others. For example, an increase in
minimum winter temperatures is expected to favor more northerly outbreaks of southern pine
beetles, but could reduce southerly outbreaks (Ungerer at al. 1999). Climate may also affect
frequency and intensity of windstorms, the most important form of abiotic disturbance in eastern
deciduous forests, although simulations of these effects are tentative because these smaller scale
events are below the resolution of current climate models. Berz (1993) suggests that increased
intensity of all atmospheric processes will accelerate the frequency and intensity of windstorms,
and Karl et al. (1995) found that the climate of the US has already become more extremein
recent decades.

Air and Water Pollution

Pollution includes atmospheric pollutants, such as aerosols, particul ates, ozone, and cumulative
deposition of hydrogen ion (H), nitrogen (NOy, NH5) and sulfur (SO4) viawet and dry



processes, as well as those that enter the ecosystem primarily through the water supply, described
as point or non-point pollution. By contamination of soil resources and surface waters, pollution
stresses terrestrial and aguatic functional groups, and therefore poses athreat to ecosystem
processes.

Air and Water Pollution: Acid Deposition

Acid deposition results from release of sulfur and nitrogen oxides during the burning of fossil
fuels, automobile exhaust and other industries. It can occur as either wet (rain or snow) or dry
deposition, as particles or vapor, or as cloud or fog deposition (Driscoll et a. 2001). When these
pollutants mix with water vapor, sulfur and nitric acids are formed. Chronic acidification
generaly refersto streams, lakes, and soil ecosystems that have lost their ability to neutralize
acidifying events. Episodic acidification typically occurs during periods of high stream flow
associated with rainstorms or snowmelt and is by definition a short-term decrease in acid
neutralizing capacity. Base nutrients such as calcium, potassium, and magnesium, and other
types of neutralizing chemicals normally buffer changes in ecosystem acidity. However, when
ecosystems are exposed to excessive, long-term acid deposition, these chemicals can become
depleted. This can make the system more vulnerable to episodic acidification events and may
lead to chronic surface water acidity as well as nitrogen saturation of forest soils (see Aber et al.
1998).

In the Adirondack region of New York, aU.S. EPA Ecosystem Monitoring and Assessment
Program (EMAP) survey reported that 41% of the 1812 |akes are either chronically acidic or
sensitive to episodic acidification during 1991-1994 (Stevens 1994). Kram et al. (2001)
reconstructed historical patterns of deposition at Hubbard Brook Experimental Forest (HBEF) in
Hew Hampshire, and found soil percentage base saturation declined to about 10% in response to
acidic deposition, and that this deposition has also resulted in a 4x increase in stream SOy, a
decrease in acid neutralizing capacity from positive to negative values, a decrease in stream pH,
and toxic increases in streamwater aluminum. Since 1964, there have been reductions of SO,
emissions and deposition at HBEF. In addition, there has been along-term decrease in stream
concentrations of NO; (that have not been associated with either declinesin emissions or bulk
deposition) that has resulted in small but significant increases in stream pH (Likens et al. 2001).

Similar trends were noted in Pennsylvania by Lynch et al. (2000), from the wet deposition
monitoring network started in 1981 (see Figure 14, Schneck et al. 1999, for period 1995-1998).
Trendsinclude: 1) a precipitation-weighted mean annual pH of 4.20 in 2000 (15 sites), ranging
from 4.20 to 4.37, 2) in general, precipitation in the western half of the state was more acidic, 3)
although pH was slightly more acidic in 2000 than in 1999, precipitation is still less acidic than
in the 1980s or early 1990s; statistically significant trends of decreasing acidity are evident at all
monitoring sites within the state from 1983 to 2000, 4) however, nitrate concentrations were not
as sharply lower as sulfate concentrations. Although nitrogen oxide emissions have declined at
utility sources targeted by the Clean Air Act Amendments, other sources of nitrogen oxide
emissions have increased from both industrial and mobile sources (Figure 15).
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Figure 14. Mean annual pH of precipitation in Pennsylvania, 1995-1998 (cited in Schneck et al.
1999)

Figure 15. Figure 15. Inorganic nitrogen wet deposition from N-nitrate, 2003. (Adapted from
http://nadp.sws.uiuc.edu/i sopl eths/maps2003/no3dep.pdf )



There are many reviews on the effects of acid precipitation on aquatic ecosystems (Lynch and
Corbett 1980, Sharpe 1990, Bradt 1994, Driscoll et a. 2001), and there have also been many
individual studies on the effects of acid precipitation on forests (Taylor et al. 1994, Driscoll et al.
2001), aswell aswater quality, fish and macroinvertebrate populations. There have been a
number of studiesin the Laurel Hill area of southwestern Pennsylvania, where acidic conditions
have been comparatively high during the last two decades (e.g. DeWalle et al. 1982, DeWalle,
Sharpe et a. 1987, Sharpe, Perlic et a. 1987, Kimmel et a. 1996, Sharpe and Demchik 1998).
Thereis also acomparatively large amount of information on the effects of acidity on amphibian
populations as compared to other potentia threats (e.g. Freda and Dunson 1985, Freda and
Dunson 1986, Dunson et al. 1992).

Acidic precipitation can cause both short and longterm changes in soil nutrients, thereby
changing the availability of these necessary nutrients to trees. Acid deposition disrupts leaf-level
Ca-associated processes, leading to reduction in cold-tolerance (3-10 C) and shoot dieback of red
spruce (DeHaynes et a. 1999), and is also associated with soil calcium depletion, aluminum
mobilization, and reduced Ca:Al ratios. These have been associated with fine root dysfunction,
reducing uptake of water and nutrients, particularly Ca (Shortle and Smith 1988, McLaughlin et
a. 1991, Cronan and Grigal 1995, Shortle et al. 1997). Damage to the root tips of trees by
increased aluminum concentrations may result in reduced ability for the tree to take up calcium
and magnesium (Dehayes et al. 1999, Schneck et al. 1999).

At the ecosystem level, acid precipitation has been linked to calcium depletion in northeastern
(Lawrence et al. 1995), central Appalachian (Adams 1999) and southeastern forests (cited in
Lawrence and Huntington 1999). Calcium and magnesium may also leach into the water due to
an increase in positive ions from acid precipitation and are ultimately carried downstream,
thereby unavailable to plants or trees. There is evidence that the decline of both sugar maples
and northern red oaks in areas of Pennsylvania may be linked to these processes (seeLong et al.
1997, Hordley et a. 1999, Demchek and Sharp 2004).

In Europe, Bobbink et al. (1998) noted that long-term nitrogen enrichment led to competitive
exclusion of characteristic species by more nitrophilic plants, especially under oligo- to
mesotrophic conditions. For example, Falkengren-Grerup (1995) found species of Urtica,
Epilobium, Stellaria, Galium and Sambucus, al nitrogen indicators, were more common
nitrogen-enriched sites in Europe. Acid precipitation has also been linked to increased
susceptibility of treesto pests or pathogens. Predisposition to disease may result from altered
resource alocation or carbon metabolism; if additional demands are placed on carbon resources
for defense compounds, there may be insufficient photosynthate available for other tree
processes (Taylor et al. 1994).

There have been alarge number of studies on how acid precipitation affects the reproduction and
viability of salamandersin Pennsylvania (Rowe, Sadinski et al. 1992; Horne and Dunson 1994,
Horne and Dunson 1995). The Jefferson Salamander (Ambystoma jeffersonianum) has been
shown to be sensitive to conditions of low pH (and associated aluminum concentrations) and
may be the major factor responsible for the successful breeding of this speciesin the state (Horne
and Dunson 1994; Horne and Dunson 1995). Thereislessinformation on how different frog and



toad species respond to acid precipitation , although the Wood frog (Rana sylvatica) has been
shown to be more tolerant of low pH conditions. In contrast, the Fowler’ s toad (Bufo
woodhouseii fowleri) shows significantly slower growth at low pH (Freda and Dunson 1986) and
is absent from the most acidic ponds.

L andscape metrics such as land use and site history play a significant role in preconditioning the
forest response to nitrogen deposition (Aber et al. 1998, Goodale and Aber 2001). The greater
the previous extraction of nitrogen (by agriculture, fires, or forest harvesting), the greater the
nitrogen limitation and the larger the amount of nitrogen deposition necessary to move asite
toward saturation. Time periods involved may be as large as 100-200 years. Over all, Aber et al.
(1998) found that previous land-use history was as important as either total or current nitrogen
deposition in determining current leaching losses in the northeastern US.

Air and Water Pollution: Ozone

Ozone has often been cited as the air pollutant of greatest direct threat to vegetation in the
eastern US (EPA 1996). At ground level, ozone isamajor constituent of photochemical smog
that occurs when nitrogen oxides and volatile organic compounds react in the atmosphere in the
presence of sunlight. It isprimarily an urban pollutant, but can travel long distances, resulting in
high concentrations in national parks. Ozone affects human health, causing respiratory
problems. In addition, ozone affects vegetation, causing foliar injury and premature aging of
leaves, destruction of the photosynthetic enzymnes, (i.e., Rubisco), and thereby aleading to a
reduction in growth. Chronic ozone exposure has three main physiological effects on plants: 1)
disruption of transpiration, 2) disturbances in carbohydrate metabolism and movement, and 3)
mineral nutrient deficiencies. All of these lead to premature leaf aging, yellowing, and
reductions in growth rates (Chappeklka and Samuelson 1998).

Most research on effects of ozone on growth has concentrated on effects on agricultural crops.
Reich and Amundson (1985) reported a net reduction in net photosynthesis in crops for all
species tests. Wang et al. (1986) also found that ozone reduced tree growth rates, and that some
of the reductions occurred at rates below ambient air quality standards. Chappelka and
Samuelson (1998) found that ozone sensitivity is affected by species, tree developmental stage,
microclimate, and the ability to compensate for ozone injury through enhanced leaf production
and alterations in carbon partitioning. They conclude, however, that clearly defined cause and
effect relationships between visible injury and growth losses have not been demonstrated. Thus,
for example, Edwards et a. (2004) found patterns of exceedances of 8 hr ambient ozone
standards in the central Appalachians between 1988-1999, but they suggested that negative
vegetation responses were minimal at most monitoring sites, at least in the short term.

Thereis aso apositive feedback mechanism between ozone and acid deposition. Chronic ozone
exposure may lead to mineral nutrient deficiencies, as ions and organic compounds are leached
from leaves. Greater uptake of minerals from soil may compensate for leaching, however soil
acidification may reduce the availability of soil nutrients due to leaching and aluminum release.
Chappelka and Chevonne (1992) conclude that the literature also indicates that ozone has the
potential to influence tree reproduction directly by affecting reproductive structures, and
indirectly by affecting plant metabolism.



Air and Water Pollution: Point- and Non-point Source Pollutants and Contaminants

Non-point source pollution typically originates from awide variety of sources and typically
enters awaterway from either snowmelt or rainwater moving over ground, disrupting the
immediate stream or lake area as well as those areas downstream. There are many sources for
this type of pollution, including nutrients such as phosphorus and nitrogen from agricultural
lands, runoff of sediments and chemicals from construction and devel opment projects, herbicides
and pesticides from lawns, drilling for oil and gas and acid precipitation (EPA 1993).
Agriculture and abandoned mines currently are the two largest contributors to non-point source
pollution in the state (Arway 1999; PADEP 2001). Eutrophication of the Chesapeake Bay has
been, in part, attributed to upstream pollution. Acid mine drainage, in particular, has been
identified as a significant natural resource issue at several facilitiesin ERMN (Marshall et al.
2004). Point-source pollution originates from a discrete source and includes sewage treatment
plants and industrial plants where the pollution istypically discharged directly into awaterway.
Programs to control the amount of point source pollution have been more successful than non-
point sources pollution programs in reducing pollutants entering waterways

During the last decade, a significant number of amphibian limb abnormalities have been reported
across the country. Although the Northern Leopard Frog (Rana pipiens) is the most commonly
reported species with deformities, many other species have been reported aswell. In
Pennsylvania, four counties have reported either frogs or newts with deformities (not all counties
have been surveyed). The causes are still not completely understood, although possible sources
include an increase in UV-B radiation, increased use of pesticides and other toxins, and an
increase in nemetode infections brought on by other causes. (See North American Reporting
Center for Amphibian Deformities, at http://www.npsc.nbs.gov/narcam/).

There are some studies to suggest that various contaminants may have contributed to the decline
of raptor species such as the Cooper’s hawk (seereview in Pattee et al. 1985). More recently, an
examination of contaminants of the possibly-declining Sharp-shinned hawk revealed that DDE,
PCB’s and mercury were detected in high, but sub-lethal levels on the Kittatinny Ridge in
eastern Pennsylvania (Wood et al. 1996). It isstill unknown if the sub-lethal concentrations of
these and other compounds can cause impairment or reproductive losses. Thereisvery little
literature on the effects of various threats on any bryophyte species. The Pennsylvania
Biological Survey report (Manville and Webster 1998) lists the major threat as air pollution.
(Engleman and McDiffett 1996) found that bryophytes accumulated more iron in sites that were
more acidic due to abandoned mine drainage, and accumulated more aluminum in sites that had
more neutral pH. However, the reasons for this are not completely understood. Although lichens
can be used as an indicator of air quality (Showman and Long 1992), there are few lichen
inventoriesin the region (Manville and Webster 1998).

Introduced/Invasive Species

Concern over the ecological impacts of invasive organismsis nearly uniform among ERMN
units and others in the NPS system. Threats range from benign to severe, although it is usually
difficult to predict how an introduced species will behave asit isintroduced and becomes
established (Slobodkin 2001), particularly given the interacting effects of other stressors such as



climate change, acid deposition, forest fragmentation, etc. Invasive plants can directly affect
native plants by becoming either monopolizers or donors of limiting resources. They can
indirectly affect native communities by altering soil stability, promoting erosion, colonizing open
substrates, affecting the accumulation of litter, salt, and other soil resources, and promoting or
surpressing fire (Richardson et al. 2000, Brooks et al. 2004). While all of these effects have been
identified, it is often difficult to separate out the effects of invasive plants from the effects of
other anthropogenic disturbances—in fact, they are intricately linked.

Invasive species capitalize on many techniques in order to invade ecosystems. D’ Antonio and
Vitousek (1992) identified three ways that biological invasions alter ecosystems: 1) they alter
rates of resource supply, 2) trophic level relationships, and 3) the disturbance regime. These
relationships are depicted in the context of altering interactive controlsin Figure 12. Invasive
plants compete with native plants for resources, and competition is most severe for threatened
and endangered species. Of the Federally Threatened and Endangered species listed in the
United States, 42% are threatened by non-native species (Pimentel 1999, TNC 1996), and alien
species were the second-ranked threat after habitat degradation (Wilcove et al. 1998). Invasives
may also out-compete native plants that are food supplies for animals in the ecosystem. This may
result in animals depending on nonnative plants for food or, if they are specialists, losing their
food source entirely. Invasive species can ater trophic food webs (D’ Antonio and Vitousek
1992). An invading species can act as a new predator or a new food source, thereby altering the
normal relationships within an ecosystem. Invasive plants usually have no predatorsin their new
environments and they may outcompete an important food source for native animals. In
addition, invasives can hybridize with closely related indigenous plants, sometimes creating even
more aggressive invaders (Mallet 2005). Contemporary problems with native plants such as reed
canary grass (Phalaris arundinacea) and cattail (Typha x glauca) have been linked to
hybridization of native and exotic genotypes (Galatowitsch et al. 1999).

Some invasive plants have been implicated in changing the hydrology and salinity of an area.
Salt-cedar (Tamarix) species alter the desert riparian areas that they invade in the American
southwest through increasing evapotranspiration, adding to the desiccation of flood plains
(Walker and Smith 1997). Yellow iris (Iris acorus) was instrumental in changing a Potomac
River marsh to mesic forest by creating araised seed bed with its rhizomes that favored ash trees
over willows (Woods 1997). Introductions may also alter historical natural disturbance regimes.
Spread of the annual, Japanese stilt grass (Microstegium vimineum) into natural areas after
disturbance may result in a monospecific understory stands that impede tree regeneration.
During the growing season, forest floors dominated by this flammable grass are increasingly
prone to fire, while during the dormant season, bare ground is increasingly subject to soil erosion
from winter rains (Hunt and Zaremba 1992). The introduction of cheat grassin the
intermountain West has been partially responsible for the ateration of the fire frequency on
grasslands from a 50 year to afive year return interval (Pimentel et al. 1999, D'Antonio and
Vitousek 1992). Malaleuca quinquenervia has had asimilar effect in Florida (Mack et al. 2000)

Introduced insects and diseases pose more direct ecological consequences. Pests and diseases
areintegral parts of healthy forests. It is only when they reach levels where natural adaptations
are not effective in limiting damage that they significantly affect forest processes. Introduced
terrestrial fungal and invertebrate species have the potential to greatly impact resources of



ERMN by directly altering host species regeneration, growth, and mortality rates, and
subsequently, forest vigor, composition and structure. Large-scale damage, such as defoliation
and mortality caused by forest pests, can cause losses of valuable visual and scenic qualities,
recreational opportunities, watershed integrity, wood products, and wildlife habitat. Resource
losses from some outbreaks have been spectacular. The chestnut blight fungus, Cryphonectria
parasitica, virtually eliminated American chestnut throughout its range, and resulted in
significant changes in forest composition and structure. Beech bark disease (Nectria coccinea
var faginata), Dutch elm disease (Ophiostoma ulmi), emerald ash borer (Agrilus planipennis) and
others promise a similar results with respect to their hosts, American beech, American elm, and
ash species, respectively. Since 1885, gypsy moth (Lymantria dispar) infestations have cause
substantial damage because their preferred host tree species, including oaks, play such dominant
rolesin eastern forests (Liebhold et al. 1995). On the horizon is an even more threatening
disease, Sudden Oak Death Syndrome (SOD), caused by a Phytopthera fungus that poses severe
threats to the oak-dominated forestlands of the region.

Since itsintroduction in Virginia during the 1950s, the hemlock woolly adelgid (Adelges tsugae)
has spread north, south, and west, with significant mortality impacts on eastern and Carolina
hemlock (see Figure 16). At Shenandoah National Park in Virginia, where the adelgid has been
present since 1988, less than 10% of hemlocks sampled still have 90-100% of foliage intact; very
few stands are entirely free of the adelgid (Barr 2002). Mortality has also been high in DEWA,
where hemlock and mixed stands comprise nearly 20% of the total forest acreage (Mahan et al.
2004). 1n 2002, 16% of sample hemlocks there were dead, and 27% showed moderate to severe
decline (Evans 2003). According to the NPS (USDI 2000), the decline of hemlock in the
Delaware Water Gap National Recreation Areaislikely to have "massive adverse effects on the
ecological, aesthetic, and recreational values of the park. Affected streams would be warmer,
have lower water flows, and are more likely to dry up during summer droughts. Overall species
diversity in hemlock-dominated habitats will probably decline by 35% or more. Decaying and
downed trees would increase debris flow, interfere with water flow, and cause channel scouring
that would raise the chance of extreme flood damage. Nutrient cycling would also be disturbed”
(Jenkins et a. 1999). Studying hemlock mortality at DEWA, Eschtruth et a. (no date) also
found that there was a potential for significant increase in exotic invasive plants. Control
methods include use of insecticides, and introduction of biological control agents. Pesticides are
impractical on alandscape scale and not recommended in riparian zones. Identification,
selection, mass production, and successful establishment of biological control agentsin infested
stands are still in the developmental stages, although some promising results have been noted
(see Cheah et al. 2005).
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Figure 16. Figure 16. Hemlock woolly adelgid infestations, 1951-2002. Available from USDA
Forest Service, http://www.fs.fed.us/na/morgantown/fhp/hwa/maps/hwa_hist2.jpg

White-tailed deer

Considerable controversy has arisen over management of white-tailed deer in eastern deciduous
forests. By the early 1900s, commercial and private exploitation had led to near extirpation. By
the late 1900s, the clearing of forestland for agriculture and timber, the extirpation of predators,
and the formation of state game protective management agencies and regulatory laws combined
to increase deer populations, producing estimates that were 2-5x greater than presettlement era
values (see Figure 17) (Horsley et al. 2003, Rooney and Waller 2003). Because of deer’s
propensity to restructure whole ecological communities, several researchers (e.g., Waller and
Alverson 1997, Rooney and Waller 2003) have identified deer as keystone herbivores (although
note that Russell et a. (2001) contend that well-supported experimental measures of the
magnitude and geographical extent of deer effects have not been proven convincingly.)
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Figure 17. Deer density vs. timber harvesting, 1907-1991, Pennsylvania. From deCalesta (no
date).

Studies of effects of deer browse date to the 1940s. Most early studies fenced out deer
(exclosures) and noted recovery of protected habitat (e.g., Marquis 1974, 1981). Although these
provided sometimes dramatic pictures of the effects of browse, they suffered at least two
limitations. They provided only two points of reference (no deer, ambient deer density) that
concealed non-linear relationships between deer density and browse, and plant community
condition. They were, in addition, somewhat unrealistic since zero deer densities were unlikely
to occur, nor were they desired. More recent studies have fenced in deer at varying densities
(inclosure studies), and attempted to correlate ecosystem effects with known deer density,
looking in particular, for non-linear relationships (e.g, Horsley et al. 2003).

Direct effects of white tailed deer include selective browsing that causes changes in species
composition, reduction in woody species density and height growth (horizontal structure, Rossell
et a. 2005), changesin vertical structure (i.e., browse line), reduction in herbaceous abundance,
height, diversity (Frelich and Lorimer 1985, Rooney and Waller 2001, Horsley et al. 2003,
McGraw and Furedi 2005), and in terms of forest management, tree regeneration failures
(Marquis and Brenneman 1981, Rooney et a. 2002). Some avian species may benefit from
structural changes, i.e., decrease in vertical cover, however the loss of cover can also increase
avian predation on shrub-nesting birds, and result in declinesin overall songbird diversity and
abundance (DeCalesta 1994, Flowerdew and Ellwood 2001).

Indirect effects include interference by browse resistant species with establishment of preferred
species, exhaustion of seed bank (e.g. pin cherry and blackberry), and altered food webs as
preferred plant species are overbrowsed and sometimes extirpated by deer. High deer densities
have resulted in habitat simplification, where understorys are dominated by monospecific stands



of nonpalatable vegetation such as mountain maple, hay-scented fern and New Y ork fern
(Rooney et a. 2001). Finally, changesin plant community composition due to overbrowsing by
deer are linked to altered nutrient cycling. By avoiding non-preferred species, deer browsing can
favor plants whose leaves may have high lignin concentrations and/or high C:N ratios (Hobbs
1996). Such leaves are mineralized more slowly, causing litter to accumulate. Alternately,
mineralization rates may be increased in forests where the canopy composition has shifted from
conifersto hardwoods in part, due to browsing (Frelich and Lorimer 1985). By modifying litter
quality and mineralization rates, deer can thus affect site productivity, creating negative or
positive feedbacks affecting the abundance of other understory and canopy species.



RECOMMENDED VITAL SIGNS FOR TERRESTRIAL ECOSYSTEMS

The overall purpose for monitoring isto protect park resources “unimpaired for the enjoyment of
future generations.” Natural resource monitoring provides a basis for understanding and
identifying meaningful change in natural systems characterized by complexity, variability, and
surprises, and data may help to determine what constitutes impairment and to identify the need to
initiate or change management practices. Vitals signs are physical, chemical, and biological
elements and processes of park ecosystems that are selected to represent the overall health or
condition of park resources, known or hypothesized effects of stressors, or el ements that have
important human values (USDI NPS no date). To guide the monitoring program and the vital
sign selection process, we present alist of proposed vitals signs that was prepared by Hicks, et al.
(2005).

Vital Sign (VS) Number — Vital Sign Name

VS01 - Ozone

VS02 —Wet and Dry Deposition

V S04 — Weather and climate

V SO5 — Phenol ogy

VS11 — Sail erosion/compaction

V S18 — Invasive Plants, Animals, Diseases — Status and Trends
V S20 — Forest Plant Communities — Structure and Demography
V S23 — Lichens, Liverworts, Mosses, Bryophytes and other Non-Vascular Plants
V S32 — Breeding Bird Community

VS34 — Terrestrial Invertebrates

V S38 — White-tailed Deer

V S48 — Reptiles and Amphibians

V' Sb4 — Visitor Usage

V S58 — Ecosystem Pattern and Process

V S59 — Primary Production/Biomass Production

V S61 — Nutrient Dynamics




VITAL SIGN NARRATIVES

Level 1 » Air and Climate
Level 2 » Air Quality
Level 3 » Ozone (VSO01)

Brief Description: “Air chemistry — Ozone” refers to the presence and amount of ozone (O°)
present in the ambient atmosphere of the National Park Service lands in the Eastern Rivers and
Mountains Network (ERMN) as well as trends in 0zone concentration over time. In addition to
the atmospheric levels of ozone, the vital sign includes the symptoms of ozone damage displayed
by sensitive plant species. The amount of ozone in the atmosphere is a primary predisposing
factor affecting ecosystem health, whereas the symptoms of ozone damage displayed by
sensitive plant species can be viewed as an indicator of ecosystem health relative to ozone
(Chappelka and Samulson 1998).

Significance/Justification: The northeast an mid-Atlantic regions of the United States are areas
well known for elevated levels of atmospheric ozone resulting from the burning of fossil fuelsin
the densely populated region as well asthe circulation of prevailing southwesterly wind patterns
from the heavily industrialized Ohio Valley. An elevated level of ozone, sinceit isaregional
climatic phenomenon, has the potential to affect the entire Eastern Mountains and Rivers
Network, therefore could have sweeping impacts over the whole system. Since ozone damage is
manifested as foliar necrosis, its primary impact is on the plant’s ability to carry out
photosynthesis and to perform necessary physiological processes such as transpiration and
mineral uptake. Therefore, plants with acute ozone damage are unable to efficiently use
resources such as light, water and mineral nutrients. For sensitive species, ozone damage will
affect their health and fecundity leading to areduction in competitive ability. Loss of sensitive
species may result in the loss of critical habitat and potential reduction in species diversity.
Species that are sensitive to ozone damage provide an early warning system for ozone impacts,
since they will show symptoms before other species do. Thiswill permit the National Park
Service to take action before the problem beginsto directly affect non-sensitive organisms.

Proposed Metrics: For atmospheric ozone levels, the standard units of concentration (parts per
million, etc.) should be used, so as to be consistent with on-going Federal monitoring programs.
For plant ozone damage, the symptoms are somewhat subjective, but categories used by the
USDA Forest Service and other federal agencies for monitoring sensitive species should be used
(Skelly, et. al. 1987).

Prospective Method(s) and Frequency of Measurement: Tonnie Maniero of the National Park
Service Air Resources Division indicated (Draft report for Long-Term Ecological Monitoring,
Phase 1) that all ERMN parks, except the Upper Delaware, have ozone monitorsin place within
35 km. The Environmental Protection Agency (EPA), National Atmospheric Deposition Program
(NADP) has maintained a network of monitoring stations for ozone over the past several years.
These data serve as a benchmark for atmospheric ozone levels as well as a source of on-going
datafor future levels. The NADP data should serve as the primary source for the NPS in ozone



monitoring, therefore has the added benefit of incurring no cost for measurement. Because the
NADP system was not developed to specifically address the ozone levelsin the ERMN,
additional on-site monitoring stations may be advisable, as suggested by Maniero. Such
automated stations can provide a continuous record of on-site atmospheric ozone levels. Thiscan
be very helpful in linking ozone levels to detected amounts of ozone damage. ERMN will need
to develop a monitoring program for ozone-sensitive plant speciesin the individual parks. The
NPS, ARD has determined that a“ moderate to high risk of ozone injury to sensitive vegetation”
existsinal ERMN parks. The USDA, Forest Service through the Forest Health Monitoring
Program document ozone damage to trees, but the intensity of such documentation and the
location of monitoring points may not correspond to the needs of the ERMN. Furthermore, using
on-site atmospheric monitoring stations coupled with frequent symptom monitoring can enable
the detection of damage that may result from specific ozone “ pulse” events. Smith et. al. (2003)
describe results from a national 0zone biomonitoring program that should be valuable the
ERMN.

Limitations of Data and Monitoring: A major limitation to this entire issue is the fact that the
sources of ozone pollution are not directly controllable by the NPS, thus restoration of lost or
damaged ecosystems may be difficult or impossible, especialy if ozone levels continue to rise.

Key References:

Bardo, D.N., Chappelka, A.H., Somers, G.L., Miller-Goodman, M.S., & Stolte, K. 1998.
Diversity of an early successional plant community as influenced by ozone. New Phytologist,
138: 653-662.

Chappelka, A.H. & Samuelson, L.J. 1998. Ambient ozone effects on forest trees of the eastern
United States: areview. New Phytologist, 139:91-108.

Coulston, JW., Smith, G.C., & Smith, W.D. 2003. Regional assessment of ozone
sensitive tree species using bioindicator plants. Environmental Monitoring and
Assessment, 83: 113-127.

Davison, A.W. & Barnes, J.D. 1998. Effects of ozone on wild plants. New Phytologist, 139: 135-
151.

Edwards, P., Huber, C., & Wood, F. 2004. Ozone exposure and implications for
vegetation in rural areas of the central Appalachian Mountains, U.S.A. Environmental
Monitoring and Assessment, 98: 157-174.

Neufeld, H.S., Lee, E.H., Renfro, J.R., Hacker, W.D., & Yu, B. 1995. Sensitivity of seedlings of
black cherry (Prunus serotina Ehrh.) to ozone in Great Smoky Mountains National Park.

Ollinger, SV., Aber, JD., & Reich, P.B. 1997. Simulating ozone effects on forest
productivity: interactions among leaf-, canopy-, and stand level processes. Ecological
Applications, 7(4): 1237-1251.



Samuelson, L.J. & Kelly, JM. 1997. Ozone uptake in Prunus serotina, Acer rubrum, and
Quercus rubra forest trees of different sizes. New Phytologist, 136: 255-264.

Skelly, John M., Davis, D.D., Merrill, W., Cameron E.A., Brown, H.D., Drummond, D.B., &
Dochinger, L.S. (eds.). 1987. Diagnosing injury to eastern forest trees. a manual for identifying
damage caused by air pollution, pathogens, insects, and abiotic stresses. National Acid
Precipitation Assessment Program, Forest Response Program, V egetation Survey Research
Cooperative. University Park, PA: Agricultural Information Services, College of Agriculture,
Department of Plant Pathology, Pennsylvania State University.
122p..http://www.fs.fed.us/r8/forestheal th/pubs/ozone/r8-pr25/0zoneh2.htm#top

Smith, G., Coulston, J., Jespen, E., & Prichard, T. 2003. A national ozone biomonitoring
program- results from field surveys of ozone sensitive plants in northeastern forests
(1994-2000). Environmental Monitoring and Assessment, 87: 271-291.

Related Environmental Issues and Linked Vital Signs: Atmospheric ozone directly affects a
number of ecosystem attributes, especially related to sensitive plant (T& E) species, biodiversity,
etc. Indirect effects may be far-reaching and could include impacts such an enabling invasive
species, loss of focal species or communities, impacts on lichens and fungi, effects on terrestrial
invertebrates when key habitat is altered, etc (Edwards Huber and Wood 2004).

Overall Assessment: Atmospheric ozone can have significant impacts, both direct and indirect,

on anumber of ecosystem processes. Although much data currently exist on atmospheric ozone
levels, it is not site-specific for ERMN parks. Furthermore, monitoring the presence of ozone
damage symptoms on sensitive vegetation would provide an early warning system for potential
damage to less sensitive species and would alow for linkages to be developed between
atmospheric ozone levels and the appearance of foliar damage. Unfortunately, atmospheric
ozone levels are aregiona phenomenon, generated from anthropogenic source, which are
difficult to control. Therefore, restoration of ozone damaged ecosystems may be difficult or
impossible. However, ozone monitoring and damage assessment should be relatively inexpensive
to the NPS.



Level 1 » Air and Climate
Level 2 » Air Quality
Level 3 » Wet and Dry Deposition (VS02)

Brief Description: “Wet and Dry Deposition; Contaminants’ refers to the a variety of aerosols
(both particulate and chemical) that reside in the ambient atmosphere and are deposited on the
National Park Service lands in the Eastern Rivers and Mountains Network (ERMN) as well as
trendsin their concentration over time. These materials may enter the atmosphere via point
sources, such as smokestack emissions, or from agricultural or urban pesticide application as
well as from vehicular emissions, or salt spray from highways (Driscoll et. al 2001). These
pollutants/contaminants can affect the components of the terrestrial ecosystem in a variety of
ways, including acidification (acidic deposition), nitrogen saturation, heavy metal toxicity,
pesticide toxicity, visual impairment etc (DeHays et. a 1999). For the most part, atmospheric
pollutants are primary predisposing and inciting factors affecting ecosystem health.

Significance/Justification: All of the ERMN sites occur within or near areas of the northeast an
mid-Atlantic regions of the United States that have a substantial rural/urban/agricultural interface
aswell as asignificant influence from industrialization and power generation. Vehicular burning
of fossil fuelsin the densely populated region aso contributes much to the atmospheric pollution
load. These pollutants have potentially sweeping effects on the entire ERMN (Lovett 1994).
Wet/dry depositional effects are manifested in avariety of ways, depending on the pollutant.
Direct effectsinclude foliar necrosis and dieback in plants. In other cases, pollutants may be
directly toxic to plants, animals or microorganisms. However, indirect effects that result, for
example, from soil acidification and its effect on mineral cycling may be more significant in the
long term. Atmospheric pollutants and contaminants potentially affect resources such as water
and mineral nutrients. The long-term effects, such as altered litter decomposition, micro-flora
and fauna, and altered nutrient cycling pose major threats to the health, fecundity and
sustainability of the ecosystems and lead to an overall loss of species diversity.

Proposed Metrics: For atmospheric levels of wet/dry deposition, standard metrics that are
consistent with Environmental Protection Agency (EPA) monitoring data should be used. For
example, pH, parts per million, etc., are standard metrics used to quantify levels of substancesin
the atmosphere (Fox, Bernado and Hood 1987). For amounts of these substances being deposited
to the landscape, standard collectors are used for sampling wet or dry deposition, and the
amounts are usually expressed as aweight deposited per unit area over time (e.g. kg/halyr).

Prospective Method(s) and Frequency of Measurement: Tonnie Maniero, NPS, ARD, regarding
wet/dry deposition, indicates that “the ERMN parksin Pennsylvaniaal have MDN monitors
within 60 km; none of the West Virginia parks have representative wet mercury deposition
monitoring”, and “with the exception of Upper Delaware S& RR, particulate matter is monitored
within 35 km of all ERMN parks’. Coverage of ERMN parks appears to be adequate for wet/dry
deposition, for the most part. Where needed, additional stations can be installed on-site. As
Maniero suggests, installation of automated digital cameras may be useful in vista areas where
haze or pollutants threaten visibility. The Environmental Protection Agency maintains a network



of monitoring stations for pollutants and deposition. These data can serve as a benchmark for
atmospheric deposition levels as well as a source of on-going data for future levels.

Limitations of Data and Monitoring: Atmospheric pollution is often a problem of regional, even
global proportions, therefore it may be difficult or impossible to mitigate. Some situations may
be more controllable than others, for example, dust coming from alocal quarry or pesticide spray
drift from alocal farm may be relatively easy to address, whereas pollutants from vehicular
emissions are impossible to control in the short term. The movement of wind and occurrence of
unpredictable events such as air inversions makes monitoring of pollutants tricky (Weathers,
Cadenasso and Pickett 2001).

Key References:
Asman, W.A.H., Sutton, M.A., & Schjorring. 1998. Ammonia: emission, atmospheric transport
and deposition. New Phytologist, 139: 27-48.

Cappellato, R., Peters, N.E., & Meyers, T.P. 1998. Above-ground sulfur cycling in adjacent
coniferous and deciduous forests and watershed sulfur retention in the Georgia Piedmont, U.S.A.
Water, Air, and Soil Pollution, 103: 151-171.

DeHaynes, D.H., Schaberg, P.G., Hawley, G.J., & Stimbeck, .R. 1999. Acid rain impacts
calcium nutrition and forest health. BioScience. 49: 789-800.

Driscoll, C.T., Lawrence, G.B, Bulger, A.J., Butler, T.J., Cronan, C.S,, Eager, C., Lambert, K.F.,
Likens, G.E., Stoddard, J.L., & Weathers, K.C. 2001. Acidic deposition in the northeastern
United States: sources and inputs, ecosystem effects, and management strategies. BioScience,
51(3): 180-198.

Driscoll, C.T., Driscoll, K.M., Mitchell, M.J., & Dudley, J.R. 2003. Effects of acidic deposition 0
forest and aguatic ecosystemsin New Y ork State. Environmental Pollution, 123: 327-336.
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D.A., Copeland, S, Geiser, L., Rueth, H.M., & Sickman, J.O. 2003. Nitrogen emissions,
deposition, and monitoring in the western United States. BioScience, 53(4): 1-13.

Fox, D.G., Bernabo, J.C., & Hood, B. 1987. Guidelines for measuring the physical, chemical and
biological condition of wilderness ecosystems. USDA Forest Service, Gen. Tech. Rep. Rm-146,
p.48.

Garner, JH.B., Pagano, T., & Cowling, E.B. 1989. Evaluation of the role of ozone, acid
deposition, and other airborne pollutants in the forests of eastern North America. USDA Forest
Service, SE-59, pp.189.

Johnson, D.W. & Fernandez, 1.J. 1992. Soil Mediated Effects of Atmospheric Deposition on
Eastern U.S. Spruce-Fir Forests. In C. Eager, M.B. Adams, eds., Ecology and Decline of Red
Spruce in the Eastern United States. New Y ork: Springer-Verlag.



Leith, 1.D., Murray, M.B., Sheppard, L.J., Cape, JN., Deans, J.D., Smith, R.l., & Fowler, D.
1989. Visiblefoliar injury of red spruce seedlings subjected to simulated acid mist. New
Phytologist 113(3):313-320.

Lovett, G.M. 1994. Atmospheric deposition of nutrients and pollutantsin North America: an
ecological perspective. Ecologica Applications 4(4):629-650.

McLaughlin, S. B., Anderson, C. P., Hanson, P. J., Tjoelker, M. G., & Roy,.K. 1991. Increased
dark respiration and calcium deficiency of red spruce in relation to acid deposition at high-
elevation southern Appalachian Mountain sites. Can. J. For. Res. 21: 1234-1244.

Shortle, W. C., K. T. Smith, R. Mincocha, G. B. Lawrence, & M. B. David. 1997. Acid deposition,
cation mobilization, and stress in healthy red spruce trees. J. Environ. Qual. 26:871-876.

McLaughlin, D. 1998. A decade of forest tree monitoring in Canada: evidence of air pollution
effects. Environmental Review 6(3-4):151-171.

Potter, C.S., Ragsdale, H.L., & Swank, W.T. 1991. Atmospheric deposition and foliar leaching
in aregenerating southern Appalachian forest canopy. Journal of Ecology 79:97-115.

Vann, D. R., A. H. Johnson, and B. B. Casper. 1994. Effects of elevated temperatures on carbon
dioxide exchange in Picea rubens. Tree Physiology 14:1339-1349.

Weathers, K.C., Cadenasso, M.L., & Pickett, S.T.A. 2001. Forest edges as nutrient and pollutant
concentrators. potential synergisms between fragmentation, forest canopies, and the atmosphere.
Conservation Biology 15(6):1506-1514.

Related Environmental Issues and Linked Vital Signs: Atmospheric pollutants directly affect a
number of ecosystem processes. In particular, soils can absorb and accumulate pollutants,
altering nutrient cycling. Acidified soils have lower base saturation and therefore lower fertility
resulting in reduced bio-productivity. Runoff, throughfall and direct input to streams and lakes
can result in impacts to aquatic systems as well as terrestrial systems which can lead to loss of
sensitive species.

Overall Assessment: Atmospheric pollutants, including acid deposition, SO4, NO3, particul ates,
heavy metals, etc. are prevalent in the EMRN region and can affect numerous ecosystem
processes, including nutrient cycling, litter dynamics and regeneration. Indirect effects of
pollutants may be the enabling of invasive species and the |oss of T& E species due to habitat
alteration or direct toxicity. Amphibian species appear to be especially sensitive to water-borne
pollutants. Because of the extensive baseline of data already in existence, the deployment of a
monitoring system for the ERMN parks should be relatively inexpensive, but due to the regional
nature of pollutants and the anthropogenic origin of many of them, mitigation and reclamation of
damaged ecosystems will be difficult.



Level 1 » Air and Climate
Level 2 » Weather and Climate
Level 3 » Weather and Climate (VS04)

Brief Description: Weather and climate are factors that have a direct effect on the health and
competitive ability of long-lived perennial organismslike trees. Plants of a given species possess
the genetic potential to exist within a particular range of temperature and moisture conditions,
known as “cardinal limits’, (Hicks, 1998). Furthermore, species are most competitive at certain
conditions that are near the “ecological optimum” for their physiological processes. One of the
most critical and controversial issues in the scientific community today is the prospect of global
climate change, specifically global warming. For example, Overpeck , Barlein and Webb (1991)
propose that the global climate could warm by an average of 1.5- 4.5 degrees C by the end of the
twenty-first century. This, in turn, could lead to the migration of southern species to the north
(Solomon and Kirilenko, 1997) aswell as local extirpation of species such as red spruce in the
southern Appalachians (Adams et. al. 1985). It isimportant to monitor the climatic changesin
the ERMN and to link these changes to the health, productivity and fecundity of sensitive and
ecologically important species.

Significance/Justification: Weather and climate are predisposing factors affecting health and
vigor of organisms and communities. When organisms are affected by climate change they are
unable to efficiently use resources such as light, water and mineral nutrients, and may become
competitively disadvantaged relative to other species in the community. Climate change will
affect the health and fecundity of organisms leading to areduction in competitive ability. Loss of
sensitive species may result in the loss of critical habitat and potential reduction in species
diversity. Because of the apparent global climate change that is predicted to continue for many
decades, species that live at suboptimal fringes of their range are most at risk. The National Park
Service is mandated to preserve unique biological resourcesin its parks, therefore it isimperative
that communities and organisms that are sensitive to global change in the parks be monitored
carefully. Such species will serve as indicators of impact (De Groot, Ketner and Ovaa, 1995).
Mahon (2004) provides lists of plants, vertebrates and communities of special concernin the
New River Gorge (NERI). Some of these species may be among the first to suffer from the
effects of global climate change. Monitoring these species will permit the National Park Service
to take action before non-sensitive organisms are affected.

Proposed Metrics: Prospective Method(s) and Frequency of Measurement: Metrics such as
species importance values and indices to health and vigor of certain species deemed to be
sensitive to climate change could be used to show impact. In addition, measures of species
diversity can be used as potential indicators of climate-related problems. It is also important to
track weather and climate in the parks, although the National Oceanic and Atmospheric
Administration (NOAA) data may be adequate for this purpose without additional in-house
tracking. Weather data that are important include daily, monthly, seasonal and annual averages
for maximum and minimum temperatures, and precipitation. In addition, growing season length
isimportant.



Limitations of Data and Monitoring: One limitation to monitoring sensitive speciesis
determining which ones are actually the best candidates as indicators. Secondly, if species are
threatened or endangered, they will be difficult to find. In addition, taking measurements on
T&E speciesmay initself cause stress to the species and therefore may not be advisable. Finaly,
if indeed global climate changeis occurring, it is not under the control of the NPS, thus
restoration of lost or damaged ecosystems is probably not possible.
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Related Environmental Issues and Linked Vital Signs: Weather and climate directly affect a
number of other ecosystem attributes, especially related to sensitive and T& E species,



biodiversity, etc. Because climate does not act in a vacuum, other vital signs such aslevels of
atmospheric pollution (VS1, VS2, VS3) may interact with climate to affect organisms. Indirect
effects may occur such as the enabling of invasive species and loss of focal species or
communities.

Overall Assessment: Climate plays afundamental role in terrestrial ecosystems. Therefore
climatic changes have the potential to bring about substantial changes in the functional role of
organisms, therefore changes in communities. Climate change appears to be a global
phenomenon, caused by the accumulation of greenhouse gases in the atmosphere and is
impossible to control at alocal level. Therefore, restoration of climate-altered ecosystems may
be difficult or impossible. However, good climatic data exist through the NOAA data bases and
isrelatively inexpensive to the NPS. On the other hand, monitoring ecosystems to determine
whether or not ecosystem changes are occurring in response to changing climate may be very
difficult and expensive.



Level 1 » Air and Climate
Level 2 » Weather and Climate
Level 3 » Phenology (VS5)

Brief Description: “Phenology” refers to the study of periodic eventsin biological organisms.
For example, the timing of bud burst for dormant trees in the spring is a phonological event of
interest. Phenology can be applied to any of a number of seasonal processesin plants, including
cambial activation, root growth, starch-sugar conversion, leaf shed, onset of dormancy, etc.
Behavior in animals (hibernation, migration, breeding) is also included under the study of
phenology. Phenology can provide a bio-indicator for events that trigger plant or animal
responses (temperature, solar flux etc.), therefore may serve as an indicator of global climate
change which, in turn, may alter ecosystem health (Badeck et. al. 2004, Chuine, Cambon and
Comtois 200). In aWisconsin study, spanning 61 years, it was apparent that phonological events
have been increasing in earliness, and this apparently reflects climate change Bradley et. al.
1999)

Significance/Justification: The global climate is apparently dynamic, with prehistoric changes
being linked to continental drift, shifting polar location, volcanic activity, meteor impacts, etc. In
the modern world, anthropogenic activities have produced conditions that have been linked to
global climate change, such as global warming resulting from the “greenhouse effect” caused by
increased carbon dioxide emissions from burning fossil fuels. Phenology provides a convenient
indicator of current seasonal climate, and taken over time, can provide abiological index for
long-term climate change. Choices of phonological properties and species should focus on
species that are sensitive to their environment (e.g. temperature) and those that represent
different taxa (plant, animal) as well as different niches and guilds including overstory,
understory, herbaceous, woody, amphibian, mammal, bird, etc.(Blaustein et. al. 2001, Chuine
and Beaubein 2001). Although phenology does not directly indicate ecological degradation, it
may indicate events that will ultimately |ead to degradation. Resources such as carbon dioxide,
oxygen, heat, light and water may all be involved or affected by the processes that are indicated
by phenology. In the long term, phenological changes may indicate ecosystem changes that will
affect species composition, diversity, bio-productivity, reproduction, regeneration, health and
fecundity.

Proposed Metrics: The metrics used for phenology are the dates of occurrence of events (e.g.
bud break, cambial activation, flowering, reproductive behavior, hibernation, migration, etc.) In
addition to these data, it will be important to compare the timing of these events with climatic
data for the same periods. The use of models to integrate phenology with climatic data may be
useful in predicting the response of organismsto global climate change, including shiftsin
geographic range (Post and Stenseth 1999).

Prospective Method(s) and Frequency of Measurement: In the eastern deciduous forests, typical
of the ERMN parks, seasonal events often occur in the spring or fall. Mating seasons, initiation
of growth, flowering, leaf fall and bud break take place at these times, therefore, phenological



observations should be timed to take advantage of these definitive seasonal events. A repeatable
measure should be chosen, for example the point at which all leaves are fully expanded, when
flowers are fully opened, or when pollen is being shed. These measurements should be replicated
annually on the same species, being careful to use the same or similar microsites (e.g. north-
facing slope at 300 m elevation).

Limitations of Data and Monitoring: One limitation of phenological dataisthe fact that different
observers may interpret a particular point (such as fully expanded leaves) in different ways.
Another problem is the fact that organisms may be responding to several environmental elements
that are changing in different ways. For example, photoperiod is consistent from year to year,
whereas rainfall and temperature may vary in different waysin different years, confounding the
effect that one of these factors may have independent of the others. Thisis part of the rationale
for maintaining long-tern phenological records on the same species.
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Related Environmental Issues and Linked Vital Signs: Phenology as an indicator is particularly
suited to monitor global climate changes. Therefore, it is especialy linked with weather and
climate. To the extent that phenology indicates changes in climate, phenological changes for one
or afew species may indicate broader ecosystem changes as well. These changes may alter
interspecific competition and biodiversity (V S20).

Overall Assessment: Phenology is an indicator of differing environmental conditions, especially
weather-related conditions that, over time, can amount to climate change. L ong-term monitoring
of certain phenological eventsfor particular species can establish a baseline to determine if
climate change is occurring, and will aid managersin developing strategiesto preserve at-risk
populations. Phenological studies require little specialized equipment and will mostly require
observersto collect the field data and a process for data management. Therefore phenological
observations should be relatively inexpensive but should yield useful results.



Level 1 » Air and Climate
Level 2 » Soil Quality
Level 3 » Soil Erosion/Compaction (VS11)

Brief Description: “Soil erosion/compaction” refers to processes that occur in which residual soil
is compacted and/or lost from a site, usually through the action of water. Compaction isthe
effect that takes place when soil is subjected to heavy or repeated pressure, therefore reducing its
pore space and increasing its bulk density (Shestak and Busse 2005). Soil erosion literally takes
the soil, and its included nutrients and water-holding capacity, away from a site and therefore
denies plants and animals resources such as oxygen, mineral nutrients and water. Compaction
also reduces available oxygen and restricts root growth in the soil which, in turn, may result in
de-vegetation of the compacted area, which is often followed by erosion (Deluca et. al. 1998).
These are two of the most destructive processes relating to soils, and soils form the basis for
plant lifein terrestrial communities. The USDA, Natural Resource Conservation Service (NRCYS)
and the Soil Science Society of America (SSSA) provide standard methods for assessing soil loss
and compaction that can be applied to high use areasin the EMRN parks. Sail
erosion/compaction can be a contributing factor to altered ecosystem health.

Significance/Justification: Soil forms the basis for terrestrial ecosystems. It isacomplex mixture
of organic and inorganic fractions and provides support as well as minerals, water and oxygen to
plants (Powers et. al. 2004). Particularly in high-use areas of the ERMN parks, soils are at risk
for compaction and erosion, especialy in heavily traveled areas such as trails, overlooks and
historic sites (Deluca et. al. 1998). Ironically, the very reason these sites have significanceis
because people find them interesting and unique. But overuse or poorly planned use may destroy
the very resources that make the parks unique in the first place. Compacted soils often are
difficult for plant roots to penetrate and have reduced aeration and poor water holding capacity.
This may lead to the loss of mesofauna and vegetation (Battigelli et. a 2004), which, in turn,
leads to erosion and soil loss. Over time, compaction and erosion will degrade the site leading to
reduced diversity, bio-productivity, regeneration, health and fecundity of the plant community.
Thiswill adversely impact the fauna of the system as well. Once soil has eroded from a site, it
often appears as sediment in nearby streams, thus creating another environmental problem.

Proposed Metrics: The NRCS uses the Universal Soil Loss Equation to predict soil loss from
eroded sites as weight of soil lost per unit area of land. For soil compaction, the standard
measure is bulk density, expressed as weight per unit volume of soil.

Prospective Method(s) and Frequency of Measurement: Soil erosion can be measured by
placing stakes in the soil and periodically measuring the exposed height of the stake to indicate
the amount of soil lost. Erosion stakes should be strategically placed in high use areas such as
paths and trails, picnic areas, overlooks and historic sites. To serve as a control, stakes should
also be placed in low-use areas as well. The erosion stakes should be measured at least 3 times
each year, during the high-use season (usually summer into fal). In addition, soil bulk density
measurements should be taken at the same high-use sites. There are several methods for bulk
density measurement, including some that require removal of soil for weight and volume



determination, and others that use a probe to determine the resistance of the soil to penetration.
For the latter, the method is not well suited to soils with high rock content. Bulk densities should
be taken at least once per season (preferably in the fall), and as with the erosion measurement,
control sites should be included that are outside the high traffic areas.

Limitations of Data and Monitoring: Aswith any data that are acquired by sampling, the validity
of the data is afunction of the adequacy of the sampling system. Using alarge number of
samplesis always better than a small sample. However, if the experimental unit isasingle site at
a park, the number of samples to adequately represent that site may be quite large, as opposed to
the case where soil erosion/compaction data are intended to represent the whole park or the
entire ERMN system. Decisions will have to be made by the managers as to which scenario they
wish to monitor, and ultimately the limitation may be determined by how many samples they can
afford to collect.
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Related Environmental Issues and Linked Vital Signs: Soil productivity is directly related to soil
erosion and compaction. The soil fauna and flora as well as nutrient cycling are affected by
compaction and erosion. Bio-productivity and regeneration may also be affected. Certain T& E
species could be directly affected by these conditions, and soil that islost from aterrestrial site
may end up as silt and sediment in a nearby aguatic system.

Overall Assessment: Soil isthe primary medium for plant growth, providing support as well as
oxygen, minerals and water for plant growth. Compaction and erosion are most likely to occur in
and around high-use areas of the ERMN parks, and a monitoring system to detect levels of
erosion and compaction should focus on these sites. Depending on the chosen experimental unit
(site, park, system), the sampling scheme may be rather elaborate and collecting and processing
samples could be labor-intensive and time-consuming. If such is the case, proper soil
compaction/erosion data could be expensive to collect and analyze. But, considering the damage
that may be occurring due to over use or improper use, the investment may be worth it. Soil
erosion/compaction is an issue that is within the direct control of park managers and preventative



or remedial activities such as restricting access and rerouting or paving trails can have immediate
benefits to the ecosystem.



Level 1 » Biological Integrity
Level 2 » Invasive Species
Level 3 » Invasive Plants, Animals, Diseases — Status and Trends (VS18)

Brief Description: “Invasive plants, animals, diseases — status and trends’ is avery broad subject,
including 1) invasive plants and animals whose primary effect is displacement of native species
and 2) species of exotic insects, animals or pathogens that attack and cause injury or death to
native species. Examples of the former are tree-of-heaven, whorled loosestrife and garlic
mustard, whereas examples of the latter include nutria, beech bark disease, gypsy moth, chestnut
blight and hemlock wooly adelgid. An abundance of invasive plants and animalsis often
associated with disturbed or degraded ecosystems (Burke and Carino 2000); therefore their
presence serves as an indicator of ecosystem health. On the other hand, invasive species,
including insect and disease pests, can dramatically alter an ecosystem (serving as an inciting
factor for ecosystem decline), thus directly affecting processes such as succession, regeneration
and mineral cycling. Furthermore, the altered ecosystem state may result in asystem that is
unhealthy, has lower diversity and having reduced fecundity of native species. Invasive species,
including insects and diseases, have resulted in dramatic historic changes to numerous
ecosystems in North America, including the ERMN area. Examples include chestnut blight,
which has al but eliminated a species that once defined much of the mid-Atlantic region, and
gypsy moth, which has caused extreme damage and major ecosystem changes throughout the
region. The recent invasion of the hemlock wooly adelgid indicates that the potential risk from
invasive organisms remains significant.

Significance/Justification: Native plants and animals, that make up a particular ecosystem have
co-evolved over millions of years, therefore native ecosystems have developed a state of
dynamic equilibrium. The introduction of non-native species into a system can upset this
balance. Because of the globalization of human activities, including travel, shipping and
deliberate species introduction for food and agricultural purposes, many species have been
moved from their native ranges and have been introduced to exotic environments around the
world. In most cases, these species have been unsuccessful or have blended into the local
environment with minor impacts. But for some species, their introduction has led to their
becoming “invasive’. Thisterm refers to the condition that exists when a non-native plant or
animal becomes highly aggressive in its new environment and causes habitat destruction,
replacement of native species or results in damaging outbreaks. National parks are especially
vulnerable to species invasion because of the large number of visitors who enter the parks and
serve as potential vectors of invasive organisms. At the forest community level, resources such
aslight, mineral nutrients and water are affected when invasive species either displace or attack
and kill native species. Invasive organisms can bring about alterations in species composition,
bio-productivity, regeneration and nutrient cycling, changing the diversity, vigor and fecundity
of the ecosystem. The direct effects of an invasion include species displacement, infestation, and
mortality of host species, but indirect effects such as shifts in species composition, altered
nutrient cycling, modified temperature and light regimes often have more profound impacts than
the direct effects (Kizinski et.al. 2002). The introduction of organisms has resulted in greater and



more lasting ecosystem damage than virtually anything brought about by humans in recent
history (Pimentel et. al 2000).

Proposed Metrics: In situations where an invading organism has not yet fully colonized a
suitable habitat, the metric chosen to describe the colonization is usually the rate of advancement
of the infestation or killing front. In the case where a non-invasive form of an organism precedes
the invasive or reproductive stage (such asis the case when male gypsy moths precede the
flightless female into an non-infested area), the presence and numbers of male moths can serve
as an indication of the potential for invasion by reproductive populations. In areas where
infestation or invasion has already occurred, the numbers of invading organisms per unit area or
the proportion of the suitable habitat that has been colonized can be a valuable metric. Finally,
the presence and impact of an insect or disease is often measured by the number or proportion of
hosts that are colonized or killed. Thiswould be particularly useful where the popul ations of
invading organisms are very large and difficult to measure and the value of the host is great, for
example with beech bark disease and hemlock wooly adelgid (Morin et. al. 2005) .

Prospective Method(s) and Frequency of Measurement: Surveys of damaging insect and
diseases of forest ecosystems are conducted by federal agencies such asthe USDA Forest
Service as well as by state agencies such as the West Virginia Department of Agriculture, Plant
Industries Division. For newly-introduced organisms that are potentially damaging, records and
surveys are conducted by the USDA, Animal and Plant Health Inspection Service. Before any in-
house programs are undertaken by the ERMN, this information should be investigated to
determine whether or not it meets the needs of the NPS. Furthermore, hazard rating systems that
have been developed, especially in the case of insects and diseases, may be useful in determining
whether or not a particular park islikely to have a problem with an invading organism. Onceit is
determined that a need exists for additional on-site surveys for an invading organism, the
appropriate sampling scheme should be developed and tailored to the specific situation. With a
problem as broad and diverse as invasive plants — animals, insects and diseases, surveyswill
need to be developed that are capable of detecting damaging populations and that fulfill the
needs of the ERMN.

Limitations of Data and Monitoring: Perhaps the greatest limitation of monitoring for invasive
organisms is the sheer magnitude of the task. The ERMN parks occupy extensive areas of land
and are situated in areas with large and remote forested components. Organisms can quickly
spread from non-system lands onto parks. Invasive organisms can persist below detection levels
and rapidly explode into outbreaks when favorable conditions occur. Data collected only on NPS
lands will be of limited value in predicting the ambient population levels and therefore may not
be useful in preventing spread of organisms from adjacent ownerships. It incumbent upon the
NPS to choose carefully which organismsto focus on, concentrating on those most likely to do
significant damage to the parks and to utilize data collected by other agencies, whenever
possible.
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Related Environmental Issues and Linked Vital Signs: Speciesinvasion could be linked with Air
and Climate, such that an altered climatic regime may predispose a site to being invaded.
Invasive species may displace plants and/or animals from unique natural communities, and thisis
especially true for T& E species, which may be living close to the limits of their existence in the
absence of aggressive competitors.

Overall Assessment: Invasive plants, animals, diseases — status and trends is a very broad topic,
and includes both exotic invasive species that displace natural species or communities as well as
insects and diseases that injure or kill native species. These agents are, however, some of the
most damaging of those affecting current terrestrial ecosystems. Their spread is directly related
to human activities, either deliberate, accidental or unintentional. This makes them al the more
significant in National Parks where human visitation rate is high. Surveys of invasive organisms,
damaging insects and diseases are routinely conducted by several federal and state agencies
within the ERMN and data from these surveysis public domain, therefore inexpensive or free to
acquire (USDA, Forest Service 1993). But for certain key species, the NPS may wish to develop
their own on-site survey data. The decisions regarding which species and how to sample for them
should be weighed carefully, since valid surveys may be difficult, expensive and time
consuming.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » Forest Plant Communities — Structure and Demography (VS20)

Brief Description: “Forest Plant Communities — Structure and Demography” deals with plants
occupying al strata within stands (canopy, mid-story, understory) and it is specific to the stages
of succession and stand dynamics (regeneration, stem exclusion, understory reinitiation, old-
growth) that characterize the various communities within the ERMN parks. Owing to the
successional stage, disturbance history and the site it occupies, there are certain parameters
within which a community can be described as healthy. By measuring the structural and
demographic features of a given community, an assessment can be made as to whether or not the
ecosystem’ s parameters fall within expected norms. If not, it should raise concerns on the part of
park managers to determine why the community isin an unhealthy state and would trigger
actions to remediate and restore the community to a healthy state. Thus, structure and
demography serve asindicators of ecosystem health.

Significance/Justification: Determining ecosystem health, as with any diagnostic activity,
requires knowledge about key processes. This knowledge serves afunction similar to that of
diagnostic testing in medical science. Ecologists utilize standard descriptors to characterize the
structure and demography of ecosystems or communities depending on the stages of
development of the ecosystem, such as regeneration, stem exclusion, understory reinitiation and
old-growth. At each stage, it isimportant to document the parameters that describe the health of
the ecosystem so that managers can determine which communities require attention and they can
assign priorities for remedial work. Ecosystem health affects processes such as bio-productivity,
regeneration, succession, and nutrient cycling.

Proposed Metrics: The standard measures of demography include classification of forest
communities into stages of development (regeneration, stem exclusion, understory reinitiation,
old growth). These stages are somewhat subjective, therefore classification isinterpretive.
Measures of structure include stratification of crowns into dominant, codominant, intermediate
and overtopped classes. Measures of stocking include basal stocking (e.g. square meters per
hectare), number of trees per unit area and percent stocking relative to some fully stocked norm.
Measures such as importance values are also used to characterize the structure of aforest
community. Understories are often described in terms of area coverage by non-woody species
and numbers per unit area for woody species (trees, shrubs, etc.). Tree seedlingsin the
understory are usually categorized by shade tolerance and size classes, both of which have a
strong bearing on their future success. Species diversity as a'so a measure of the state of a
community and standard measures of diversity include species richness, Shannon-Weiner H' and
Simpson’s Index.

Prospective Method(s) and Frequency of Measurement: An “ecological inventory” will be
required to acquire data needed to assess the demographics and structure of ecosystems. These
inventories should involve permanent sample plots and these should be revisited at regular
intervals (e.g. annually). Sampling should be stratified by the types of ecosystems (stages of



development, etc.) present in each park. The size and needed number of such plots will depend
on the size, density and variability of the organisms and/or populations being sampled, aswell as
the degree of accuracy desired. Smaller plots, in the range of 3- 4 m?, that may be useful for
sampling understory and regeneration, will not be suitable for overstory sampling. Hence, much
larger plots would be necessary to characterize the tree strata. Data collected in an ecological
inventory should be those that can be used to compute the standard ecological parameters,
including tree species, dbh, total height, assessment of vigor, site conditions, understory
coverage and species and density of regeneration. Healthy ecosystems are dynamic, therefore
changes are to be expected. However, when the rate and nature of change deviates from the
expected norm it may be a cause for concern to park managers. For example, when a certain
species that was abundant in previous inventories begins to drop out at a more rapid rate than
expected, or when regeneration is failing to ascend beyond the seedling stage it would be a cause
for concern. Sources of data such asthe USDA Forest Service, Forest Inventory and Analysis
(FIA), can provide a background to compare with ecological inventory data, but since the FIA
data do not directly address many ecological issues, the ERMN will most likely find it necessary
to establish their own data base.

Limitations of Data and Monitoring: In order to establish areliable network of permanent
samples, it will require considerable effort and expense. Furthermore, in order for the datato
have any real utility, it will require long-term commitment to the remeasurement of plots and the
anaysis and interpretation of data.
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Related Environmental Issues and Linked Vital Signs: The structure and demography of
terrestrial communitiesisrelated to amost all the vital signs under the heading of “Biological
Integrity” (VS18- VS50). Also, all the vital signs under the heading of “Ecosystem Pattern and
Process’ (VS57- VS61) are associated with plant community structure and demography. There
are numerous interconnections and feedback relationships among these biological resource
groups. For example, forest structure and demography directly affects breeding bird
communities, and birds also affect forests as vectors of seeds, insects and fungal spores. Birds
are also consumers of insects, and as such, they may be beneficia to infested plants.

Overall Assessment: Ecosystems respond to their environment, and plants communities, are
generally dictated by the environment within which they grow. Many species of plants are said to
be “site specific” such as ginseng, which is often associated with the most productive sites or
mountain laurel which generally occurs on lower quality sites. Plant populations also change
their environment and as the environment changes, new species become more adapted, hence the
process of succession. As primary producers, plant communities supply energy for all trophic
levels above them, and are the key element in supplying niches for other species that inhabit the
community. The structure of a plant community, apart from its energy relations, also contributes
to habitat by supplying such things as nesting sites, escape cover and vocalization sites for birds.
Because of the importance of plant communities structure and demography to the ecological
health of ERMN parks, these are attributes which should be closely monitored. Normal
(successional) ecosystem changes are expected to occur, but when ecosystems are changing in
ways that do not conform to expected norms for healthy ecosystems, it isimportant for park
managers to be aware of this, enabling them to respond appropriately.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » Lichens, Liverworts, Mosses, Bryophytes and other Non-
Vascular Plants (VS23)

Brief Description: “Lichens, liverworts, mosses, bryophytes and other non-vascular plants’ are
species that are typically found in forests of the ERMN. Because of their limited commercial
value, these species have been pretty much ignored by researchersin applied fields such as
forestry. The exception is when such species are perceived to deter regeneration of commercial
tree species. However, owing to the fact that several of these species are epiphytes, growing on
trees or on bare rock surfaces, they are sensitive to the effects of atmospheric pollution such as
sulfates (Bates, Mcnee and Mcleod, 1996) or heavy metals (Insarov, Semenov and Insarova,
1999). These species may be useful indicators of ecosystem health. Declining abundance and
diversity on non-vascular plants should raise concerns on the part of park managers regarding the
health of the ecosystem and initiate actions to remediate and restore the community to a healthy
state.

Significance/Justification: Many non-vascular plants live as epiphytes, or in exposed locations
such as cliffs, rocks, dead logs, etc. As such, they are exposed to extreme conditions, especially
relating to moisture and temperature. They rely on nutrients dissolved in rainwater, or deposited
in particulate matter from the atmosphere. For this reason, such plants are vulnerable to changes
in the chemistry of the atmosphere and precipitation. For example, in tropical cloud forests
Gordon, Herrera and Hutchinson (1995) chose an epiphytic lichen as an indicator of the impact
of atmospheric trace metals and V okou, Pirintsos and Loppi (1999) found a general
impoverishment of lichen communitiesin forests of northern Greece, presumably due to
atmospheric pollution. Non-vascular plants play arolein forest ecosystems by providing habitat
for avariety of insects and small vertebrates.

Proposed Metrics: Little information is available regarding the non-vascular communities of the
ERMN parks. At the NERI, Weeks, Nash and Nowland (1997) conducted the only known survey
of non-vascular plants, and reported 14 species, mostly mosses. The best metrics for non-
vascular species would be measures of density (relative area coverage) as well as measures of
diversity such as species richness, the Shannon-Weiner H' and Simpson’ s Index.

Prospective Method(s) and Frequency of Measurement: An in-depth inventory of the current
populations of non-vascular species should be conducted at each park. These inventories should
involve permanent GPS-referenced sample locations and these should be revisited at regular
intervals (e.g. 2- 5-year intervals). Sampling should be stratified by the types of ecosystems
(stages of development, cover type, etc.) present in each park. The method of sampling should
reflect the organism being inventoried. For example, for mosses, afixed area plot might be the
method of choice, using arelatively large plot (e.g. 0.4 ha), whereas sampling epiphytic lichens
may be done on individual trees (stratified by species and size classes), or other structures, using
the same treeg/structure at each subsequent sampling period. For most non-vascular species, the
variable of interest will be the relative area coverage, by species (e.g. m?/ha). The number of



plots/trees needed for areliable sample will depend on the variability encountered when
sampling the organisms, as well as the degree of accuracy desired. The initia inventory will
serve as a baseline, and subsequent samples will be used to determine if the populations of non-
vascular plants are changing with time. Since forests are constantly changing through processes
such as succession and disturbance events, changes in non-vascular communities would be
expected. However, if non-vascular plant communities appear to be changing at arate that is
inconsistent with natural processes, it may be a cause for concern.

Limitations of Data and Monitoring: In order to establish areliable network of permanent
samples, it will require considerable effort and expense. Furthermore, in order for the datato
have any redl utility, it will require long-term commitment to the remeasurement of plots and the
analysis and interpretation of data.
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Related Environmental Issues and Linked Vital Signs: Non-vascular plants, because of their
dependence on trees and other structures for support, are very dependent on the type of overstory
community present (VS20), which inturn is related to the presence and severity of agents of
ecosystem change, such as insects and diseases (V S18), visitor usage (V S54) and white-tailed
deer (VS38). Also, because of their vulnerability to weather and atmospheric conditions, non-
vascular plants are especially sensitive to climate and pollutants (VS1, VS2, VS3, V).

Overall Assessment: Non-vascular plants are an area about which limited information is currently
available, but they are potentially useful indicators of ecosystem health. Aninitial inventory of
species (relative area of coverage and diversity) would serve as a baseline for subsequent
samples. The changes observed, over time may correlate with known changesin the
environment, or may trigger investigations to determine what is changing. Long term stability of



populations of non-vascular plants would be one indicator of ecosystem stability. Because little
data on non-vascular species exist for the ERMN parks, an initia inventory will likely require a
major commitment of personnel and funds.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » Breeding Bird Community (VS32)

Brief Description: The “breeding bird community” refersto resident or neotropical migrant
species of avifaunain the ERMN parks. Most of the species of importance in the ERMN system
are forest-dwelling species, although some species that prefer open habitats may actually be
relatively rare in the ERMN. Breeding birds are especially sensitive to habitat features such as
canopy structure, nesting sites, food supplies and escape cover (Conner and Dickson 1997).
Some species of birds, such as woodpeckers, may serve asindicators of overall bird diversity
(Mikusinski, Gromadzki and Chylarecki 2001). Birds have been shown to be useful indicators of
ecosystem health, and thisis especially true where ecosystems are heavily impacted (Bradford et.
al. 1998; O’ Connell, Jackson and Brooks 2001). Declining abundance and diversity of sensitive
bird species should be of concern to park managers since birds indicate overall ecosystem health
and they are aresource that is sought after and appreciated by many park visitors.

Significance/Justification: It is clear that populations of breeding birds are associated with their
habitat, which may in turn reflect the health of the ecosystem. For example, in the Savannah
River of South Carolina (SRS), Kilgo et. al. (2000) found that bird species that preferred urban
and agricultural habitats were more abundant off the SRS, while forest-interior species such as
the cerulean warbler were more abundant within the relatively undisturbed SRS. One advantage
of using breeding birds as indicators of ecosystem health is the fact that historical data exist
regarding their populations. One example is the North American Breeding Bird Survey (Sauer et.
al. 2000); and more specific to the ERMN is a survey reported by Y ahner et. a. (2001) that was
taken in six Pennsylvania National Parks, including the Allegheny Portage Railroad National
Historic Site and the Johnstown Flood National Memorial. These surveys can serve as a baseline
for assessing future trends on breeding bird populations. Finally, bird populations are important
assets of National Parks, and to the extent that the ERMN parks contain unique habitat, they will
also contain populations of birds that visitors will be drawn to.

Proposed Metrics: Metrics such as relative abundance of particular species (Bradford et. al.
1998) or guilds (Jones et. el. 2000) as well as overall species richness for species or guilds
appear to be the most common means of ng bird populations. These measurements are
meaningful when tracked over time.

Prospective Method(s) and Frequency of Measurement: Bird presence and density are usually
established by counts and/or reports from trained observers. These take the form of singing male
surveys, counts of birdsin migrating flocks, nesting surveys, bird banding/recovery studies and
mist netting, or combinations of these. The particular method selected depends on the species to
be inventoried. These inventories should be compared to historic baselines and previous
inventories for the same areas. Therefore, the same areas should be sampled annually using the
same methods (Beard, Scott and Adomson 1999). Sampling should be stratified proportional to
the types of ecosystems (stages of succession, cover type, etc.) present in each park. Theinitia
inventory, and/or historical surveys, will serve as a baseline, and subsequent samples will be



used to determine if bird populations are changing over time. It will be important to select key
species to concentrate on since it will be impossible to adequately sample all bird species
present. These would be species that respond to desired ecosystem conditions and species that
can be reliably inventoried. Since forest habitats may be transitioning through various
successional stages, changesin bird populations would be expected to reflect habitat changes.
However, if bird populations are changing to a non-desirabl e state (e.g. dominance by one or a
few species, loss of critical species, rapid colonization by exotic species, etc.), it will be acause
for concern.

Limitations of Data and Monitoring: Bird sampling requires that trained observers be available
in order to maintain consistency. In addition, studies of this nature require long-term
commitment, therefore are expensive to conduct. Analysis and statistical inferences from bird
survey data are often limited by the inability to take large samples and the low number of
observations that characterize rare, but important, species.
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Related Environmental Issues and Linked Vital Signs: National parks are often islands that have
been engulfed in a sea of private land. Activities that are on-going on adjacent land (timbering,
surface mining, urban development, farming, etc.) can have a profound effect on the national
park, and thisis especially true regarding impact on bird populations. Breeding bird populations
are also strongly linked to plant community structure and demography (V S20), which in turn can
be affected by invasive plants, insects and diseases (V S18) and white-tailed deer (V S38).

Overall Assessment: Birds are aresource that is important to visitors of ERMN parks, and
breeding bird populations are very sensitive to their habitat (quality, structure, etc.). Considerable
historic data exist on breeding bird populations, some of which is specific to particular ERMN
parks, but several parks lack site-specific data. An annual monitoring scheme is recommended
that will allow for tracking changesin density of critical species and guilds, aswell asto observe
overall species richness. Because bird inventories are difficult, require trained observers and

must be maintained annually, a major commitment of personnel and funds will be required by
the ERMN.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » Terrestrial Invertebrates (VS34)

Brief Description: The vital sign dealing with “terrestrial invertebrates’ has to do with species of
micro- and macro-invertebrates in the ERMN parks. These speciesinclude avariety of insects,
arachnids and other species. A large number of invertebrate species are involved in the processes
of litter and woody debris breakdown. Others consume living plant biomass (defoliators, sap
feeders, seed insects, wood and bark borers, etc.) and others are involved in processes such as
pollination, spore dissemination and seed dispersal. Diversity and abundance of invertebratesto a
large extent reflects the diversity and health of host species and food sources, therefore these
species serve as indirect indicators of ecosystem health (Kermen et. a. 1993; Taylor and Doran
2001). Certain species may serve arole as especialy good indicators of overall ecosystem health
and diversity. These include ground beetles (Rainio and Niemela 2003) and tiger beetles
(Pearson and Cassola 1992). Changes in abundance and diversity of sensitive invertebrate
species should serve as an index to changes in overall ecosystem states and therefore will serve
to alert park managers to these changing conditions.

Significance/Justification: Terrestrial invertebrates, by far, represent the most numerous and
diverse taxain forest ecosystems. Not only do they serve as indicators of ecosystem condition,
but many species perform vital ecosystem functions such as shredding of leaf litter, pollination,
seed dispersal, soil aeration, etc, while others serve as food sources for organisms at higher tropic
levels. Diversity of species like butterflies also can also serve as indicators of ecosystem

changes, such as global warming and rainfall patterns (Pollard 1998). Because of their diversity
and ubiquitous occurrence, terrestrial invertebrates are very important functional components of
terrestrial ecosystems and useful indicators of ecosystem health.

Proposed Metrics: Because of the great diversity and richness of terrestrial invertebrates, from a
practical viewpoint it is useful to focus on indicator taxa. Kerr, Sugar and Packer (2000) found
that species of Lepidoptera were suited to this purpose in oak savannahs in Ontario. Asa
refinement to this approach, Oliver and Beattie (1996) suggested combining the use of indicator
taxa with the identification of appropriate sampling schemes (timing, methods) to maximize the
information gained while minimizing the effort required for inventories. The appropriate metrics
are measures of diversity (richness, evenness, etc.), density and importance and these
measurements should be tracked over time and/or compared with existing baseline data.

Prospective Method(s) and Frequency of Measurement: Initially, decisions will need to be made
to determine which taxa of terrestrial invertebrates will be focused on. This decision will depend
on which ones are good “indicator taxa” and/or are functionally important to the parks. Once this
decision is made, an initial inventory should be conducted to determine the density, distribution
and diversity of the selected taxain the ERMN parks in order to establish a baseline. Sampling
should be stratified proportional to the types of ecosystems (stages of succession, cover type,
etc.) present in each park. Future monitoring (probably on ayearly or biennial basis) will be
used to determine if populations are changing over time. Using the “indicator taxa” approach



should allow the manager to extrapolate to other organisms and to use the data to assess overall
ecosystem health. Since forest ecosystems are dynamic, it is reasonable to expect different
populations of invertebratesin different ecosystems

Limitations of Data and Monitoring: Perhaps the sheer diversity, discontinuity and density of
invertebrate populations are limitations in and of themselves. Thoroughly sampling these
populationsis adifficult task and, if sampling of all species present is necessary, it would be
virtually impossible, and very expensive.
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Related Environmental Issues and Linked Vital Signs: Because of their great numbers and
diversity, terrestrial invertebrates have a profound effect on many aspects of the ecosystem.
Their populations may be affected by atmospheric pollution (VS1, VS2) or they may interact
with such things as weather and climate (V$4). Even soil properties such as compaction (VS11)
can be ameliorated by the presence of some terrestrial invertebrates. The leaf shredder
populations are very much afunction of the type of litter produced (Mudrick et. al 1994), which
in turnisafunction of the overstory community present (V S20). Litter decomposition and
nutrient cycling (VS60, VS61) are affected by shredder populations and these, in turn affect bio-
productivity (VS59). A number of invertebrates function in ways that affect the overall
ecosystem function. For example invasive insects (V S18) like gypsy moth pose a significant
threat to ecosystem health in the ERMN. Many other invertebrates are contributory to ecosystem
health, such as pollinators, earthworms, etc.

Overall Assessment: Terrestrial invertebrates are very diverse and important to the functioning of
the ecosystemsin the ERMN. Some, like introduced insect pests are detrimental as well.
Monitoring the overall diversity and the populations of selected invertebrate species should yield
information that is valuable to park managers. In order to expedite the process, it will be
necessary to monitor “indicator taxa’ and a stratified sampling scheme should be devised that
will monitor invertebrates in the various forest cover types and successional stages present. Once
a baseline has been established, monitoring on an annual or biennial frequency should provide
managers with a perspective on the maintenance of diversity among invertebrates in the parks,
which should serve as an indicator of ecosystem health.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » White-tailed Deer (VS38)

Brief Description: “White-tailed deer” refersto the populations of Odocoileus virginianus
residing in the ERMN parks, and their impact on the ecosystems. White-tailed deer populations
have grown astronomically throughout the eastern United States since the turn of the Twentieth
Century, at which time they had been almost extirpated from many areas (Cote et. al. 2004). The
rapid increase is due to a combination of factors, including 1) increase in habitat through re-
growth of abandoned fields and cut-over forests, 2) regulations prohibiting doe hunting and
better enforcement of regulations, and 3) elimination of the natural predators of white-tailed
deer. The urbanization of many areas has been a contributory factor, in that hunting is excluded
from developments and there is a general loss of the “hunting culture” typical of rural areas.
Furthermore, deer do well in suburban situations. Deer have been described as a “keystone
herbivore” by Waller and Anderson (1997), owing to the profound impact that they have on
forest ecosystems, including limiting the regeneration of preferred woody or herbaceous browse
species (Rooney and Waller 2003). In fact, one of the factors causing the apparent poor
regeneration of oaksin the Eastern United States is white-tailed deer herbivory (Healy 1997). In
the ERMN parks, as well asthe National Park System as awhole, white-tailed deer have been
identified as a major disruptive factor to the ecosystems.

Significance/Justification: White-tailed deer impact in the eastern deciduous forest region is one
of the most significant causes of structural ecosystem changes, affecting everything from wild
flowers and herbs to songbirds (Anderson 1994, DeCalesta 1994, Russel, Zippin and Fowler
2001). Deer can alter plant species diversity (Rooney and Dress 1997) and contribute to the local
loss of endangered plants in areas where deer are overpopulated. Deer are a primary Stressor in
ecosystems where they are overpopulated and their impact is primarily on processes such as
regeneration (Jones et. al. 1993). The ERMN parks generally have high deer populations that are
affecting forest regeneration, understory diversity and other ecosystem processes. Fortunately, a
substantial body of knowledge exists regarding the population levels of deer which arelikely to
cause irreparable harm to forest ecosystems (Marquis 1981). It is also possible to control
harvesting of deer on National Park Service land, aslong as it conforms to state regulations.
Thus, the Park Service has an opportunity to manage herd size with the goal of keeping
populations below damaging thresholds.

Proposed Metrics: The most commonly-used metric used to describe deer is density expressed as
number per unit area, typically number per square mile. The recommendation to managersisto
maintain deer populations below 15- 20 animals per square mile to maintain low impact on forest
regeneration (Marquis and Twery 1992). In addition to the deer density, the extent of deer
browsing should be documented in forest understories, as well as the type and frequency of
occurrence of forest regeneration present. The latter may be indicative of deer impact, especially
if regeneration is virtually absent or composed exclusively of speciesthat are not preferred by
deer.



Prospective Method(s) and Frequency of Measurement: There are several standard methods
used to inventory deer numbers. Direct counts from deer drives, pellet group counts and
nighttime aerial infrared photography are examples of these. Perhaps the most practical method
is pellet group counts conducted in the spring after snow melt (Eberhardt and VVan Etten 1956).
This method is less expensive than the others and, although it is not as accurate for predicting
absol ute population numbers, yearly pellet inventories are quite useful in demonstrating
population trends. For browsing surveys, understory subplots can be evaluated for browsing
intensity of woody and herbaceous plants, by species and size class. A somewhat subjective
system, in which understory plants are categorized as unbrowsed, lightly browsed (< 50% of
tips), moderately browsed (> 50% of tips) and heavily browsed (100% of tips) workswell and is
simpleto performin the field. A deer census should be conducted at intervals of no more than 5
years, and understory inventories should be conducted approximately every 2 years. Perhaps a
good compromise is to monitor pellet counts and understory annually, using a network of
permanent plots, and supplement this with a nighttime infrared survey on a 5-year interval. This
would allow for the observation of year-to-year variation, while placing the pellet estimates on a
firmer basisrelative to the actual population density.

Limitations of Data and Monitoring: As previously indicated, pellet group surveys are limited as
to their accuracy. Deer tend to follow predetermined trails in the forest and their pellet groups are
cluster around these areas and areas where heavy feeding occurs. In order to obtain good
population estimates, a large number of sample pointsis necessary, and finding and counting
pellet groups is difficult.
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Related Environmental Issues and Linked Vital Signs: National parks are often islands that have
been engulfed in a sea of private land. Activities that are on-going on adjacent land (timbering,
surface mining, urban development, farming, etc.) can have a profound effect on the national
park, and thisis especially true regarding impact on bird populations. Breeding bird populations
are also strongly linked to plant community structure and demography (V S20), which in turn can
be affected by invasive plants, insects and diseases (V S18) and white-tailed deer (V S38).

Overall Assessment: Birds are aresource that is important to visitors of ERMN parks, and
breeding bird populations are very sensitive to their habitat (quality, structure, etc.). Considerable
historic data exist on breeding bird populations, some of which is specific to particular ERMN
parks, but several parks lack site-specific data. An annual monitoring scheme is recommended
that will allow for tracking changes in density of critical species and guilds, as well asto observe
overall species richness. Because bird inventories are difficult, require trained observers and
must be maintained annually, a major commitment of personnel and funds will be required by
the ERMN.



Level 1 » Biological Integrity
Level 2 » Focal Species or Communities
Level 3 » Reptiles and Amphibians (VS48)

Brief Description: “Reptiles and amphibians’ refer to the populations of herptofauna occurring in
the ERMN parks. Species of reptiles and amphibians of interest include frogs, toads, turtles,
terrapins, salamanders, lizards and snakes. Herptofauna, especially frogs and salamanders have
been reported to be in decline worldwide and have been identified as indicators of ecosystem
stress (Welsh and Oliver 1998). In part, this derives from the fact that the exothermic herps are
intimately dependent upon their environment for heat and food; even to the extent of absorbing
water and gases through their skin. Certain species (notably snakes and lizards) seem to prefer
open and dry habitats, while salamanders and frogs prefer moist habitats (Crosswhite, Fox and
Thill 2004). Impacts of global climate change, atmospheric deposition and air pollution would
most likely be apparent in herptofaunal communities before they would in other sectors of the
terrestrial ecosystem. Therefore, the health and diversity of herptofaunain ERMN parks should
be monitored closely in order to provide indications of ecosystem changes.

Significance/Justification: Herptofauna are relatively diverse in the ERMN region, being
represented by 35- 50 species (Green and Pauley 1987, Kilpatrick et. al. 2004). Because of their
environmental sensitivity, these species represent potentially good indicators of ecosystem
health. Although not specific to the individual ERMN parks, there exists a comprehensive
compilation of data regarding herptofaunain the eastern deciduous and Appalachian forest
regions (Pauley 2001) which can serve as a historic background for comparison with present and
future populations.

METRICS: Relative density and diversity (richness) are the commonly-used measures to
describe herptofaunain forested ecosystems. For relative density, number of a particular species
compared to the total number of all speciesisthe metric of choice. Because of the difficulty of
sampling, it may be hard to find certain herp species, especially at times of the year when they
areinactive or hibernating, so sampling should focus on areas of prime habitat and should be
conducted at times when target species are active.

Prospective Method(s) and Frequency of Measurement: There are avariety of sampling
methods used to collect and inventory herptofauna (Corn and Bury 1990). For snakes and
terrapins, drift fences, leading to pitfalls or double-ended funnels are frequently used. Frogs,
newts and toads can be trapped with funnel traps, either in aquatic or terrestrial habitat; again, the
trapping method should conform to the target species, and the activity phasethey arein at a
given time since many species of amphibians have both terrestrial and aquatic phases.
Salamanders are usually inventoried using coverboards (Felix, Wang and Schweitzer 2004), and
here again, sampling should be conducted at times of the year when salamanders are active, and
not during periods of extended dry weather or extended wet weather. Herptofauna sampling
should be stratified by broad forest cover types (conifer, oak forests, northern hardwoods,
mesophytic hardwoods), and stages of ecosystem devel opment (recently-disturbed, second-
growth, old-growth). Since there are several species of herptofaunato inventory, it may be



difficult, time-consuming and expensive to attempt to inventory them all each year. Using a
staggered schedule over aperiod of 3- 5 years the ERMN could monitor part of the species each
year. In so doing, annual inventories can be conducted for species having similar habits,
therefore those that can be inventoried using the same, or similar, methods. At the end of afull
cycle, the first species group inventoried would be re-sampled and over a period of severd
cycles, trendsin relative density of individual species and overall diversity can be established.

Limitations of Data and Monitoring: Most species of herptofauna are small in size and active
only during part of the year in temperate forests. Some live in the soil or beneath leaf litter or
rocks, therefore sampling must be done in ways that accumul ate them (drift fences, coverboards,
etc.), so exact population numbers are difficult to obtain, sinceit isimpossible to obtain a census
of al individualsin aparticular land area. This is one reason herpetol ogists often rely on relative
density and diversity when describing the herptofaunal community of an area. In the case of
threatened and endangered species, such as the Cheat M ountain salamander, the fact that they are
rare, complicates sampling and makes it necessary to concentrate sampling effortsin areas of
prime habitat, which may in itself pose a threat to the species.
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Related Environmental Issues and Linked Vital Signs: Herptofauna, because of their proximity to
the soil and dependence on ambient moisture and temperature are very sensitive to climatic
effects (VS1- VS5), In addition, soil and geologic conditions ( parent material, soil texture, stone
content, compaction, etc. have a profound effect of herptofauna (VS11, VS12). The overstory
community also has an important effect on herptofauna, since many species live in the organic



soil layers which are produced from decomposing organic matter produced by the trees (V S20).
Terrestrial invertebrates (V'S 34) constitute a major food source for many herps (VS34), and
some herptofauna are among the state and federal T& E species (V 349, VS50). Findly,
herptofauna are particularly susceptible to damage from visitor over-usage (V S54), and because
of their limited mobility herptofauna may be especialy sensitive to changesin the land cover or
land use (V S57). Herptofauna, because of their sensitivity, diversity and links to many other
vital signs make good indicators of ecosystem health and stability.

Overall Assessment: Herptofauna represent a diverse group of organisms that have experienced
world-wide declines in recent decades. They are generally acknowledged to be sensitive to
changes in their environment, including climate change as well as atmospheric pollution. These
species could provide ERMN park managers with an early warning system for ecological
degradation. Because of their life histories and habitat characteristics, herptofauna are difficult to
survey and monitor, but awell-planned system of sampling should provide good data for
establishing trends in relative densities and diversity, which should, in turn, be avaluable
descriptor for use by park managers.



Level 1 » Human Use
Level 2 » Visitor and Recreation Use
Level 3 » Visitor Usage (VS54)

Brief Description: “Visitor usage” refersto the impact on ERMN parks that is caused by human
usage, including direct impacts such as soil compaction and devegetation as well as indirect
effects such as pollution caused by auto emissions and human waste. Because of the federal
mandate to National Parks to preserve unique resources and natural areas for the benefit of the
American people, a paradox exists such that over-use runs the risk of destroying the very
resources that people cometo use. Parksin the ERMN area are generally within aday’s drive of
more than 50% of Americans, therefore they are heavily used by visitors and this usage will
likely increase in the future. Activities such asrock climbing are especially prone to do damage
since cliffline areas are arelatively rare component of the landscape and the types of floraand
fauna associated with them is often unique to these rare sites (McMillan and Larson 2002; Eagles
2001; Kelly and Larson 1997). Trails concentrate the impact of users (which can mitigate the
general impact of dispersed use), but trails must be well planned, appropriately located, regulated
as to type and amount of use and well maintained in order to prevent excessive damage (Weaver
and Dale 1978). The dilemma presented to park managersis to determine how to preserve the
valuable resources in national parks while at the same time making them available to the public.

Significance/Justification: Using Manion’s (1981) classification of ecosystem stressors, visitor
usage would fall into the category of a contributing factor. The ecological impact of visitors
depends very much on the number and type of visitors, the sensitivity of the resource(s) being
affected, and the overall environmental context. For example, alarge number of visitors riding
ATV’sin awetland site would have a much higher impact than the same number of birders
visiting an upland forest site on foot. But even activities that would appear benign at first glance
may cause damage, especially when they occur repeatedly over the long term. It isimportant for
the ERMN park managers to assess the short-term and long-term impacts of visitors and to
manage these impacts in order to minimize ecosystem damage.

Proposed Metrics: Determining visitor impactsis a difficult task, especially when there islittle
opportunity to develop controlled experiments. For example, the impact of white-water activities
on the flat-rock communities of the New and Gauley Rivers may be difficult to ascertain, since
there is no suitable experimental control. Indeed, even if pre-post information existed, it would
be of limited value since other things are probably changing in the environment over any given
interval of time. Cessford and Muhar (2004) describe the range of options available for visitor
monitoring in National Parks, but simply documenting the numbers and attributes of visitors may
not adequately address the type and level of damage they are causing. In many cases, inventories
of sensitive plants and animalsin high-use areas will be a required component of any visitor-
impact monitoring program in order to link visitor usage with environmental damage. Thus
metrics such as visitor person-days will need to be associated with ecosystem metrics such as
relative density and diversity of sensitive plant and animal speciesin order to see the complete
picture.



Prospective Method(s) and Frequency of Measurement: In order to establish the resource
impacts that occur as aresult of visitor usage, controlled experiments are the best option using
several replications of “test” sites that are experiencing high visitor pressure and asimilar set of
“control” siteswhich are receiving little or no impact over the same interval. In order for such
and experiment to be valid, the two sets of sites should be as similar as possible, and having a
similar history of disturbance prior to the initiation of the experiment. Such an experiment is
seldom practical since the “test” areas are probably sites that have had historically high visitation
rates, since they possess unique and interesting attributes (e. g. a scenic viewing areas or
waterfalls). A practical alternative is the use of so-called before-after-control-impact-pair
(BACIP) designs (Stewart-Oaten and Murdoch 1986). In these studies, control and test areas are
monitored prior to the impact for several years and then again following the initiation of visitor
impact. Thisis especially suitable where anew facility is being constructed in an area that has
here-to-fore been relatively unaffected by visitors. Another method of establishing impact, that is
especially suited to sites where visitor use is concentrated, is the installation of transects
radiating away from the high-use area. Thisis especially suited to campsites, trails, picnic areas,
etc. The variables to monitor for impact in any of these studies would be those suspected to
receive either direct or indirect impact (species diversity, soil compaction, presence or absence of
sensitive species, etc.). At such time as an impact is apparent, the park manager may wish to
establish limits on the number and/or timing of permitted visits. Wang and Manning (1999)
describe a modeling tool that could be used to set “carrying-capacity” limitations on park usage
which may be a reasonable approach to managing visitor impacts.

Limitations of Data and Monitoring: Asindicated above, there is an almost endless combination
of types of resources/ecosystems, types of visitor impacts and sensitivities of ecosystem
components, so any viable monitoring system for visitor impacts should be focused on sites
where impacts are most likely to occur. Many of the standard experimental designs and sampling
methods are of limited value in developing visitor impact data, so methods like the BACIP
design are required. These methods may not be as robust as statistical designs where strict
control over the experimental conditionsis possible. Finally, because of the difficulty in
acquiring data and the number of potential ecosystem impacts, visitor impact analysis can be
expensive and time consuming.
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Related Environmental Issues and Linked Vital Signs: Visitor impacts are especially significant
regarding soil compaction/erosion (VS11), which, in turn, can affect soil biota (VS12) and
terrestrial invertebrates (VS34). Visitors are likely to have impacts on certain unique resources
such as rimrock pine communities, clifflines and cliffline communities (VS21, VS8, VS22),
which, in turn, can affect cliff-dwelling species such as peregrine falcons, Allegheny woodrats
(VS35) and bats (VS33). Visitors also can create noise pollution (V S55) aswell asinitiate
changesin land use patterns, bio-productivity, litter dynamics and nutrient cycling (VS 57, 58,
59, 60, 61).



Overall Assessment: Because national parks are sites set aside for the use and enjoyment of the
public, a paradox exists between preserving the resources and allowing people to use them.
Therefore, park managers must walk a tightrope between permitting use and preserving the
environment. Visitors to parks have the potential of causing widespread damage, including
destruction of habitat, local loss of species and soil compaction and erosion. The park managers
need data to determine the extent of visitor damage and to enable them to set carrying-capacity
limits in areas where use threatens important resources. Methods for assessing visitor use and
visitor impacts are often difficult and expensive to apply and should be targeted to sensitive
resourcesin high-use areas.



Level 1 » Landscapes
Level 2 » Landscape Dynamics
Level 3 » Ecosystem Pattern and Process (VSS58)

VS58: Ecosystem Pattern and Processes

Brief Description: “Landscape Pattern” refers to the states and distribution of the various
dominant cover types, as they exist within alandscape mosaic. In addition to the current pattern,
historic patterns (Braun 1950) should be considered, as well as trends and changes in landscape
patterns. These changes can be useful indicators of the natural and human-caused forces acting
upon the landscape (Alig and Butler 2004). Turner et. a. (2003) examined the landscape-level
changes in the Appalachian region (including much of the ERMN) and found that during the
four-decade interval from 1950 to 1990, the amount of forest cover increased and fragmentation
decreased, but they cautioned that recent housing development in the region may offset many of
these gains. Human impacts are a critical element in the changing landscapes of the ERMN and
Ritters et. al. (2000) indicate that land cover information provides a mechanism to place humans
into ecological assessments.

Significance/Justification: Humans are one of the primary driversin landscape-level changes
(Ritters et. a. 2000). Historical occurrences such as agricultural clearing, agricultural
abandonment, timbering, surface mining, forest fire control, predator eradication, hunting
regulation, insect and disease introductions and urban sprawl are all examples of how humans
have contributed to landscape-level changes over the last hundred and fifty years. ERMN parks
are in-effect islands within an ever-changing mosaic of land, and changes outside the ERMN
parks can potentially affect the ecological properties within the parks (Brosofske et. al. 1999).
Roads have a particularly significant fragmenting effect on terrestrial ecosystems (Forman 2000;
Trombulak and Fressell 2004). Changes in landscape pattern can alter habitat for neotropical
birds, mammals (Dijak and Thompson 2000) and forest wetlands (Gibbs 2000). Because land use
patterns surrounding the ERMN are changing and these changes have the potential for altering
the ecological characteristics within the parks, it isimportant that park managers be aware of this
process and how it islikely to affect them.

Proposed Metrics: Landscape ecology is afield that uses spatial analysis methods to evaluate the
pattern of various land cover types at different spatial scales. Metricsinclude the proportion of a
given landscape occurring in a particular cover type and indices of patchiness, fragmentation,
connectivity etc. These metrics can be used to compare among landscapes or to observe temporal
changesin a single landscape.

Prospective Method(s) and Frequency of Measurement: Spatial analysis methods begin with
imagery (aerial photography, satellite images, etc.) and databases (USGS topographic
information, ownership, etc.). Image information requires interpretation in order to determine
what the visual information represents. Interpretation can be facilitated by image enhancing
methods, such as digital color transformations. The resulting information is used to create a
geographic information system (GIS) that incorporates multiple layers of spatial information,



such as land use, ownership, cover type, topography, etc. Software packages are available that
provide powerful tools for organizing, interpreting and displaying the information. Spatial
statistics can be used to analyze the data (Gardner et. al. 1987), and models constructed using
information from known landscapes can be used to predict the states of other landscapes
(Trombulak and Frissell 2004).

Limitations of Data and Monitoring: A substantial amount of landscape-level information
currently exists, much of which is public record, and therefore inexpensive to acquire. The
problem with many available sources of images or spatial datais that they must be adapted to the
specific use required (e.g. ERMN parks). The detail, scale and type of imagery may not suit the
specific purpose of the ERMN, requiring that new and expensive data need to be gathered. The
development of a system-wide GIS can be a daunting task, requiring, either contractors or trained
NPS employees to complete the work. Furthermore, as Li and Wu (2004) warn, landscape
analysis often falls short of meeting its high expectations due to conceptual flaws in pattern
analysis, inherent limitations of landscape indices and improper use of pattern indices.
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Trombulak, S.C. & Frissell, C.A. 2004. Review of ecological effects of roads on terrestrial and
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Turner, M.G., Pearson, S.M., Bolstad, P. & Wear, D.N. 2003. Effects of land-cover change on
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Related Environmental Issues and Linked Vital Signs: Landscape pattern is related to many
environmental issues, particularly ones having to do with anthropogenic effects, such as
pollution, land use, settlement, etc. Landscape patterns are linked with almost all the vital signs
identified for ERMN parks. Atmospheric and climatic patterns (VS1- V) vary across the
landscape, and these factors, in turn, create patterns in vegetation and land use. Geology and
soils (VS6- VS12) also contribute to landscape patterns, as well as do hydrologic features (V S14,
V S15). Because human activities often are involved in the introduction of invasive species, and
human habitation is part of the landscape pattern, the pattern of introduction of invasive species
(V S18) often the follows patterns of human activity (transportation, settlement, etc.). Plant and
animal communities (VS 20- V$48) are specifically adapted to their environment, which changes
across the landscape. Visitor usage (V S54) can locally alter an ecosystem, therefore imposing an
anthropogenic pattern on the landscape. Finally, bio-productivity and nutrient dynamics (V S59,
VS61) are specifically linked to the landscape pattern. In short, the pattern that exists on the
landscape is areflection of the sum of the abiotic, biotic and anthropogenic factors that interact
over it.

Overall Assessment: Landscape pattern is aresult of the interaction of numerous factors (historic
and present). ERMN parks are themselves part of alarger landscape, and are affected by actions
that take place beyond their boundaries. The discipline of landscape ecology has been devel oping
in recent years and involves using imagery, data, technology and statistical tools to analyze and
interpret spatial information. ERMN managers can use these methods to assess current
conditions in their parks as they relate to the larger landscape. Use of thistool may enable
managers to anticipate changes and take remedial actions, when necessary.



Level 1 » Ecosystem Pattern and Process
Level 2 » Primary Production
Level 3 » Primary Production/Biomass Production (VS59)

Brief Description: “Primary Production/Biomass Production” relates to primary productivity of
terrestrial ecosystems and the factors that influence it. Primary productivity is a function of the
site quality (available resources), the stage of development of the ecosystem and the health of the
ecosystem. Thus for agiven level of site quality and stage of development, primary productivity
can be used as an indicator of ecosystem health. Primary productivity is often measured in terms
of gross primary productivity (GPP), or more commonly as net primary productivity (NPP)
which accounts for losses due to mortality. Various methods or measuring and or modeling NPP
have been developed. Some, such as Normalized Difference Vegetation Index and Enhanced
Vegetation Index, use remotely-sensed data from satellite imagery (Weier and Herring, 2005).
Others utilize data from USDA, Forest Service Forest Inventory and Analysis (FIA) plots
(Wharton and Raile 1984). In the absence of directly measured biomass data, models have been
developed that can be used to predict the amount of biomass present, given certain information
on site and forest conditions (Botkin, Janak and Wallis 1972; Running andd Gower 1991). These
biomass accumul ation models provide a baseline against which actual biomass production of a
given ecosystem can be compared.

Significance/Justification: Primary production (NPP) is afundamental property of ecosystems
(Geiger at. Al. 2001). Biomass produced by autotrophs forms the foundation of the energy
pyramid, and sets basic limits on all higher trophic levels. The “direct factors’ (resources) that
determine potential bio-productivity are solar radiation, heat, available water, oxygen, carbon
dioxide and mineral nutrients (Hicks, 1998). At some point, one or the other of these resources
becomes a limiting factor, and productivity of the ecosystem then becomes limited by the level
of that resource. Ecosystems within landscapes have “ expected norms” for productivity,
therefore any deviation from this may indicate a change in some ecosystem property. Therefore
tracking biomass production provides an important tool for ERMN park managers.

Proposed Metrics: Metrics for reporting biomass productivity generally take the form of arate,
such as weight per unit area per unit time (Kg/halyr). In some case, surrogate variables can be
measured to estimate productivity. For example, Ryan (1991) suggested using litterfall to
estimate bel ow-ground carbon allocation and tissue nitrogen content to estimate maintenance
respiration.

Prospective Method(s) and Frequency of Measurement: Ecosystem biomass components include
living and dead fractions as well as above- and below-ground components. Obviously, the
above-ground living component is the simplest to measure, while below-ground biomass (both
living and dead) is very difficult to measure (Richter et.al.1999). Often, based on prior studies
where total biomass has been measured, the relationship of below-ground to above-ground
biomass is established and this relationship is used to predict below-ground amounts from above-
ground measurements. Therefore, the method of monitoring involves the establishment of plots
(often in the .05 ha size range) in which above-ground living biomassis measured. In actuality,



biomass (dry weight) is seldom measured directly. Rather, biomass is estimated from easily
measured attributes of the plants present (diameter, height, species, etc.). The above-ground
component of dead biomass (leaf litter, dead wood, etc.) is also relatively measurable, but as
with living biomass, the bel ow-ground fraction of dead biomass is frequently estimated. Plots
should be revisited on afive- to ten-year cyclein order to establish trends in biomass
accumulation. An alternative to field measurements is to use remotely-sensed information to
predict biomass. Satellite imagery has been used to develop the “Normalized Difference
Vegetation Index (NDV1) and the Enhanced V egetation Index (EVI). Such tools can be effective
in differentiating between broad biomes (desert, savannah, deciduous forest, coniferous forest)
and they are also effective at detecting large-scale drought stress within abiome. But at the level
of the ERMN parks, they may be of limited value.

Limitations of Data and Monitoring: In order to monitor the state of biomass accumulationin a
forested ecosystem, an extensive network of plots will be required. These will be expensive and
difficult to install, furthermore, in order to track biomass trends, these plots will need to be
monitored every five to ten years. Thisrequires that permanent plots be put in place, and the
same plots should be measured periodically, which presents problems such as relocating the
plots. The limitations with regard to the difficulty of sampling components such as below-ground
biomass have been described above, and this and similar sampling problems necessitates the use
of estimated values for non-measurable components. Therefore, to the extent that these estimates
deviate from the actual values, errors will be made.
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Related Environmental Issues and Linked Vital Signs: Primary productivity provides the energy
that sustains al heterotrophic organismsin an ecosystem, and, given certain constraints, is an
indicator of ecosystem health. Net Primary Production (NPP) is afunction of the available
resources and the stage of ecosystem development. NPP is linked to awide array of other vital
signs. For example, air pollutants (VS1, VS2) can reduce NPP, and weather, especially
precipitation and temperature (V $4), can cause dramatic year-to-year fluctuationsin NPP.

Atmospheric enrichment with CO can potentially increase biomass productivity by stimulating
more rapid rates of photosynthesis (DelLucia and Thomas 2000). Geology and soils (VS11) are
important in determining the productive potential of sites. Different forest plant communities
(VS20) areinherently different in their productive potential, and anthropogenic impacts (V S54)
can alter these communities, for example by the introduction of invasive species (VS18), or via
soil compaction. A number of animal species depend, either directly or indirectly, on the biomass
from NPP, including birds (VS29, VS32), riparian mammals (V S30) invertebrates (VS34),
white-tailed deer (V S38) and reptiles and amphibians (V$48). Finaly, primary productivity is
very important in processes such as decomposition and nutrient dynamics (V S60, V S61).

Overall Assessment: Because primary production of an ecosystem is the foundation of its trophic
structure and because it islinked to avariety of ecosystem attributes and functions, it is



important to monitor trendsin NPP in ERMN parks and to determine if biomass productivity is
occurring within expected norms for healthy ecosystems. The field methodology for monitoring
bio-productivity, however, is difficult and time consuming, especially with respect to bel ow-
ground components. But, because bio-productivity can affect many ecosystem properties, it may
be worthwhile to monitor, if only on arelatively long-term measurement cycle (e.g. ten years).



Level 1 » Ecosystem Pattern and Process
Level 2 » Nutrient Dynamics
Level 3 » Nutrient Dynamics (VS61)

Brief Description: “Nutrient Dynamics’ involves the cycling of mineral nutrients through the
soil-plant-water system as well as the inputs (atmospheric, rock weathering) and outputs,
(leaching, stream export, aerosols, harvesting). A number of mineral substances are required for
plant growth and development. A partial list of these includes the so-called “major nutrients”
(nitrogen, phosphorous, potassium, magnesium, calcium and sulphur) as well as the “minor
nutrients” (iron, copper, zinc, molybdenum, silicone, etc). These minerals are required as
chemical reagents or co-factorsin metabolic reactions, therefore plants cannot survive without
them. Nutrient dynamics involves processes such as wet and dry deposition, leaching, rock
weathering, decomposition, mineralization and plant uptake. Ecosystems are generally open
systems with both inputs and outputs, but in order to maintain stability, these must achieve a
balance. Nutrient dynamicsis afundamental ecosystem process and as such, it can have broad-
ranging effects on other processes such as primary productivity, forest health, and regeneration.

Significance/Justification: Nutrient dynamics, involving recycling of elements from organic
residues as well as inputs and outputs, is subject to impacts from avariety of sources. For
example, elevated deposition of nitrogen was found by Berg and Matzner (1997) to accelerate
the rate of decomposition of newly-fallen litter but it lowed the rate of decomposition of later-
stage humus. Acid deposition may increase the rate of mineral leaching, especially for base
cations. Changes in forest systems, either as aresult of changing land use (Currie and

Nadel hoffer 2002), from timber harvesting (Patric and Smith 1975; Swank and Waide 1980) or
loss of a species due to introduced insects or diseases (Y orks et. al. 2004) can result in impacts to
the nutrient balance. ERMN parks are exposed to many stressors, both from outside and from
within. Maintaining healthy ecosystems involves the maintenance of healthy ecosystem
processes and nutrient dynamicsis one of the key processes that must be preserved.

Proposed Metrics: Nutrient capitol is often partitioned into pools (living biomass, dead biomass,
mineral soil, etc.) and quantified as weight per of mineral per unit bimass (mg/kg) or weight per
area (kg/ha). When minerals are dissolved in water, they are usually expressed in units like mg/l
or parts per million. For mineral export in streams, loss is expressed as a rate function such as
kg/halyear.

Prospective Method(s) and Frequency of Measurement: In order to establish current levels of
mineral nutrientsin ERMN park ecosystems, a comprehensive analysis of living and dead
biomass will be required. This would involve mass spectral analysis of mineral matter, and
chemical analysis of organic fractions; furthermore, these operations would have to be replicated
in each ecosystem type at each park. It would also be desirable to monitor the key processes
involved in nutrient dynamics (Ieaching, precipitation input, litter decomposition, stream export,
mineralization, fixation, weathering etc.). Methods are avail able to monitor some of these
processes (Mudrick et. al. 1994) but such undertakings would be very expensive. A more
practical approach would be to monitor the inputs and outputs using the small watershed method



(Federer et.al. 1990). This method involves measuring inputs by analyzing minerals deposited in
precipitation and dry atmospheric deposition and output from stream flow. For the latter, the
volume of water flowing from the watershed is measured at a control point using aweir. The
difference between nutrient input and output indicates whether or not the systemisin relative
balance. Furthermore, tracking these parameters over time permits the observer to see whether or
not the ratios of inputs and outputs remain constant or are changing.

Limitations of Data and Monitoring: Developing a viable system for monitoring nutrient
dynamics, even using the small watershed approach, may be too difficult and expensive to
conduct system-wide, therefore perhaps one or afew watersheds could be instrumented in key
parks. However, making the assumption that one or a few small watersheds can be representative
of the larger whole is tentative at best, since even adjacent watersheds can produce dramatically
different responses (Hicks 1992). Prediction models may be useful in estimating certain
watershed parameters, for example, using readily-avail able precipitation data to estimate stream
flows. But even here, some mechanism for calibrating and validating model projectionsis
needed, usually involving the collection of field data.
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Related Environmental Issues and Linked Vital Signs: Mineral nutrients are primary resources
required for the physiological functioning of all organisms within an ecosystem. The dynamics
of these substances can alter the long-term health and productivity of the ecosystem. Many of the
vital signs are linked with mineral nutrients. These include atmospheric and climatic factors
(VS2, V). The soil and geologic materia is one of the media through which processes such as
plant uptake, leaching and mineralization take place (V S12). Groundwater hydrology (V S15)
plays arolein nutrient dynamics in that leached elements may be find their way to deep storage
poolsin ground water. Communities (V S20, V S58), through litter production and decomposition
(VS26, VS60) have an important effect on nutrient dynamics. And in the final analysis, nutrient
dynamicsis one of the drivers of primary productivity (V S59).

Overall Assessment: Nutrient dynamics describe the complex processes involving climatic,
hydrologic and biotic processes. Since minerals are requires by all plants and animalsin the
ecosystem, the nutrient status has a profound effect on the health and productivity of the



organisms. But monitoring nutrient dynamics at the ERMN park level will be difficult and
expensive, necessitating the use of available data and modeling methodsin lieu of field-based
monitoring. Perhaps a reasonable compromise would include the addition of alimited number of
small reference watersheds in key locations. Data collected from these watersheds could be used
to calibrate modeling projections.
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